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(54) Ink tank and ink jet recording apparatus provided with the same 



(57) An ink tank is provided which can efficiently per- 
form detection of information in an ink tank such as an 
ink residual amount in the ink tank with a simple config- 
uration in which it is unnecessary to set wiring or the 
like. A solid semiconductor element (11), which is pro- 
vided with an acquiring unit for acquiring environmental 
information of the outside, an information storing unit 
(17), a discriminating unit (16) for comparing acquired 
information and stored information to make a determi- 
nation, and an information communicating unit (18) for 
displaying the acquired information or communicating 
the acquired information lo the outside, is embedded in 
an outer wall of an ink tank such that the solid semicon- 
ductor element (11) is exposed to an interna! side and 
an external side of the ink tank from the outer wall. The 
solid semiconductor element can perform supply of its 
operation energy or exchanges of signals in a non-con- 
tact state or by connecting with a terminal provided in a 
supporting portion orthe like of the ink tank directly, thus, 
it is unnecessary to set wiring. In this case, the informa- 
tion acquiring means can be preferably disposed in the 
part of the solid semiconductor element (11) exposed to 
the inside of the ink tank. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an ink tank 
provided with a semiconductor element having func- 
tions of detecting environmental information of the sur- 
roundings to communicate the information to the outside 
and display the same, or having functions of detecting 
information inside an ink tank (e.g., an ink residual 
amount) using a semiconductor element to communi- 
cate the information to the outside and display the same. 
[0002] In addition, the present invention relates to an 
ink jet recording apparatus such as a facsimile machine, 
a printer and a copying machine to which the ink tank is 
detachably mountable. 

Related Background Art 

[0003] Conventionally, in an ink jet recording appara- 
tus for printing an image on a sheet with dot patterns by 
moving a carriage, which is provided with a recording 
head, in a printing direction while jetting ink from a plu- 
rality of jet nozzles provided in the recording head, an 
ink tank containing ink for recording is provided and the 
ink in the ink tank is supplied to the recording head via 
an ink supply line. Therefore, an ink residual amount de- 
tection apparatus, with which a residual amount of the 
ink in the ink tank is detected, has been practically used, 
and a variety of ink residual amount detection appara- 
tuses have been proposed. 

[0004] For example, according to Japanese Patent 
Application Laid-open No. 6-143607, two (a pair of) 
electrodes 702 are disposed on an internal surface of 
the bottom of an ink tank 701 that is filled with noncon- 
ductive ink, and a float body 703, on which electrodes 
704 opposing the electrodes 702 are disposed, floats in 
ink contained in the ink tank 701 as shown in Figs. 26A 
to 26C of the patent application. The patent application 
discloses that the two electrodes 702 are connected re- 
spectively to a detecting unit (not shown) for detecting 
a conduction state of both the electrodes, and when de- 
tecting the conductance of both the electrodes, the de- 
tecting unit outputs a residual ink error signal indicating 
that no ink is left in the ink tank 701 and slops operations 
of an ink jet recording head 705. 

[0005] In addition, Japanese Patent No. 2947245 dis- 
closes an ink cartridge 805 for an ink cartridge 805 for 
ink jet printer with a configuration in which a lower part 
is formed in a funnel-shape toward a bottom surface, 
two electric conductors 801 and 802 are provided on the 
bottom surface and a metal ball 804 having specific 
gravity smaller than that of ink 803 is provided inside. In 
such a configuration , when the ink 803 is consumed and 
decreases, the liquid level of the ink 803 is lowered. As 
the liquid level of the ink 803 is lowered, the position of 



the metal ball 804 floating on the liquid level is also low- 
ered. When the liquid level of the ink 803 is lowered to 
the position of the bottom surface of the ink cartridge 
housing, the metal ball 804 contacts the two electriccon- 
5 ductors 801 and 802. Then, since the electric conduc- 
tors 801 and 802 continue each other, an electric current 
flows between them. If the flow of the current is detected, 
an ink end state can be detected. If the ink end state is 
detected, information indicating the ink end state is com- 
10 municated to a user. 

[0006] Configurations for detecting an ink residual 
amount in an ink tank as represented by the convention- 
al art disclosed in the above-mentioned patent and pat- 
ent application are known. In the above-mentioned con- 
15 figurations, it is necessary to dispose electrodes for de- 
tection in the ink tank such that information and a state 
are detected and communicated by directly contacting 
elements themselves such as electrodes and a float 
body or electric conductors and a metal ball. In addition, 
20 since the ink residual amount is detected by a conduc- 
tion state between the electrodes, there is a restriction 
on ink to be used as indicated by the fact that a metal 
ion cannot be used as an ink component, or the like. 
[0007] In addition, only the ink residual amount can 
25 be detected and the other information on the inside of 
the tank cannot be found from the outside in the above- 
mentioned configurations. For example, pressure infor- 
mation inside the ink tank, variations of a physical prop- 
erty of the ink, or the like are parameters that are impor- 
30 tant for always operating an ink jet head with a stable 
discharge amount. Thus, a tank is desired which can 
inform, on a real time basis, an ink jet recording appa- 
ratus in the outside of a pressure inside the tank that 
varies every moment in accordance with the consump- 
35 tion of the ink in the tank, or can communicate the var- 
iations of the physical property of the ink to the outside. 
[0008] Moreover, an ink tank is desired which does 
not only unilaterally informs the outside of information 
detected in the ink tank but also can execute bidirection- 
40 al exchanges of information such as returning inside in- 
formation in response to an inquiry from the outside. 
[0009] In developing an ink tank such as those de- 
scribed above, inventors of the present invention took 
notice of a ball semiconductor of Ball Semiconductor, 
45 me. in which a semiconductor integrated circuit was 
formed on a spherical surface of a silicon ball with a di- 
ameter of one millimeter. Since the ball semiconductor 
had a spherical shape : it was expected that, if this ball 
semiconductor was contained in the inktank : the detec- 
50 tion of surrounding environmental information and the 
bidirectional exchanges of information with the outside 
could be performed extremely efficiently compared with 
a flat-shaped one. However, when the inventors 
searched an ink tank having such functions, it was found 
55 that only a technology for connecting ball semiconduc- 
tors by electric wiring as disclosed in USP 5877943 is 
existed, and that it is necessary to develop an element 
itself having the above-mentioned functions. In addition, 
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in order to make this element effectively applicable to 
the ink tank, there were problems that should be 
cleared. One of the problems is supply of electricity for 
activating the element contained in the tank. If a power 
source for activating the element is provided in the ink 5 
tank, the tank becomes larger, or even if the power 
source is provided outside the tank, wiring is necessary 
between the power source and the element. As a result, 
since manufacturing costs of the tank increases and a 
tank cartridge becomes expensive, a user has to acti- 10 
vate the.element from the outside without contacting it 
or has to activate the element by directly contacting it. 
[0010] In addition, it is not conventionally known that 
a user communicates information between two ele- 
ments disposed in remote places without contacting 15 
them or communicates with and controls a configuration 
that is provided with , for example, a plurality of pairs con- 
sisting of two elements. 

SUMMARY OF THE INVENTION 20 

[0011] Thus, the present invention is for realizing a 
new configuration for communicating information be- 
tween two elements disposed in remote places without 
contacting and for discriminating which pair is selected 25 
among a plurality of pairs consisting of two elements to 
communicate with and control for example, with respect 
to a configuration of a communication system provided 
with the pairs of elements. 

[0012] It is an object of the present invention to pro- 30 
vide an ink tank that has a simple configuration not re- 
quiring to draw around wiring from the element on the 
ink tank and provided with a solid semiconductor ele- 
ment capable of extremely efficiently performing bidirec- 
tional exchanges of information with the outside such as 35 
detection of information in the ink tank, and an ink jet 
recording apparatus provided with the ink tank. 
[0013] In addition, it is another object of the present 
invention to provide an ink tank that extremely efficiently 
performing detection of surrounding environmental in- 40 
formation and bidirectional exchanges of information 
with the outside, thereby being capable of detecting de- 
tailed information in the ink tank on a real time basis and 
bidirectionally performing exchanges of information with 
an ink jet recording apparatus in the outside, and an ink *5 
jet recording apparatus provided with the tank. 
[0014] II is yet another object of the present invention 
to provide a communication method that is capable of 
efficiently performing determination and selection of a 
pair of elements among a plurality of pairs or communi- so 
cation and control between the elements, an ink tank 
employing the communication method, an ink jet record- 
ing apparatus and a communication system. 
[001 5] In order to solve the above-mentioned objects, 
an ink tank of the present invention is an ink tank for 55 
holding ink, which is supplied to a recording head for 
recording information by applying the ink on a medium 
for recording information thereon, in an ink containing 



chamber substantially surrounded by a wall, wherein the 
ink tank has a solid semiconductor element that com- 
prises: information acquiring means for acquiring envi- 
ronmental information of the outside; information storing 
means for storing information to be compared with the 
information acquired by the information acquiring 
means; discriminating means for comparing the infor- 
mation acquired by the information acquiring means and 
information stored in the information storing means, 
which corresponds to the acquired information, to de- 
termine the necessity of communicating information; 
and information communicating means for displaying 
the information acquired by the information acquiring 
means or communicating the information to the outside 
if the discriminating means determines that it is neces- 
sary to communicate information, and wherein a solid 
semiconductor element is embedded in the wall such 
that a part of the solid semiconductor element exposes 
from a side of the wall contacting the ink, and the infor- 
mation acquiring means is disposed in the exposed part. 
[0016] According to this configuration, since the infor- 
mation acquiring means is disposed in a part exposed 
from the side of the wall of the solid semiconductor ele- 
ment contacting the ink, a residual amount of the ink, 
pH of the ink inside the ink tank can be acquired prefer- 
ably. Then, the acquired information can be compared 
with information stored by the information storing 
means, which corresponds to the acquired information, 
by the discriminating means and can be displayed or 
communicated to the outside by the information com- 
municating means according to the comparison result. 
[0017] The solid semiconductor element can be em- 
bedded in the wall such that it is exposed from the both 
sides of the ink tank utilizing its solid shape. In this way, 
means can be disposed in an exposed part opposite the 
exposed part on the side contacting the ink, which func- 
tions preferably because it is exposed. 
[0018] For example, an electrical contact can be dis- 
posed preferably on the part exposed to the outside by 
embedding the solid semiconductor element in the outer 
wall. That is, in this way, communication of information 
between the solid semiconductor element and a record- 
ing apparatus main body, supply of energy for activating 
the solid semiconductor element or the like can be per- 
formed via a contact provided in a part supporting the 
ink tank. In addition, the information communicating 
means can be disposed preferably in the part exposed 
to the outside, which can acquire an advantage of being 
capable of efficiently communicating a signal to the out- 
side because it is exposed to the outside. In this case, 
the solid semiconductor element is disposed such that 
it can be seen from the outside, whereby a user can di- 
rectly confirm information from the information commu- 
nicating means with the information communicating 
means as means for communicating information to the 
outside by a visually recognizable method such as emit- 
ting light. 

[0019] In addition, the solid semiconductor element is 
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embedded in an inner wall dividing the inside of the ink 
tank into a plurality of ink containing chambers, and 
each independent information acquiring means is dis- 
posed in a part exposed from one side of the inner wall 
and a part exposed from the other side. Thus, informa- 
tion on the ink inside the ink containing chambers on 
both the sides divided by the inner wall can be detected 
by one solid semiconductor element. 
[0020] instead of disposing one solid semiconductor 
element to be exposed from the both sides of the wall, 
a first solid semiconductor element having a part ex- 
posed from one side of the wall and a second solid sem- 
iconductor element having a part exposed from the oth- 
er side may be provided to communicate information be- 
tween them. 

[0021] In the present invention, if a plurality of solid 
semiconductor elements are disposed in a plurality of 
parts on a wall, a state of ink in the plurality of parts in- 
side an ink tank can be detected lo confirm a state inside 
the ink tank more in detail. In this case, communication 
of information of the plurality of solid semiconductor el- 
ements is performed by signals of different frequencies, 
respectively, or a specific signal assigned to each of 
them is communicated together with acquired informa- 
tion by the plurality of solid semiconductor elements. 
Thus, it can be made distinguishable which solid semi- 
conductor element outputted a signal. 
[0022] In the present invention, receiving means for 
receiving a signal from the outside is further provided in 
the solid semiconductor element, and environmental in- 
formation inside the ink containing chamber is acquired 
by the information acquiring means according to the sig- 
nal received by the receiving means. Thus, bidirectional 
exchanges of information can be performed such as tak- 
ing out information in the ink tank according to a request 
from the outside. This receiving means is advanta- 
geously disposed in a part of the solid semiconductor 
element, which is exposed to the outside of the tank. 
[0023] In addition, it is desirable to further provide in 
the solid semiconductor elements energy converting 
means for converting energy from the outside into en- 
ergy of a different kind such that activation energy for 
the solid semiconductor element can be easily supplied 
from the outside. This energy converting means is ad- 
vantageously disposed in a part of the solid semicon- 
ductor element, which is exposed to the outside of the 
tank. 

[0024] If the energy converting means is means hav- 
ing an electric conductor coil, which generates electricity 
by electromagnetic induction between the energy con- 
verting means and an external oscillating circuit, and an 
oscillating circuit, energy can be supplied to the solid 
semiconductor element from the outside in a non-con- 
tact state. In addition, in this case, a state of the ink in 
the ink tank can be detected utilizing a characteristic that 
an inductance of an electric conductor coil is changed 
by contacting th ink. 

[0025] In addition, the recording apparatus of the 



present invention is provided with the ink tank as de- 
scribed above. The recording apparatus in this case 
preferably has means for supplying an electromotive 
force as external energy, which is converted by the en- 

5 ergy converting means, to the solid semiconductor ele- 
ment in the ink tank. As this electromotive force, elec- 
tromagnetic induction, heat, light or radiation is possible. 
In addition, the recording apparatus desirably has 
means for receiving a communication signal from the 

10 solid semiconductor element. 

[0026] In addition, the present invention for attaining 
the above-mentioned objects is a method of communi- 
cating with a plurality of groups of elements with two or 
more solid semiconductor elements among a plurality 

is of solid semiconductor elements disposed in a prede- 
termined container forming one group, wherein the plu- 
rality of solid semiconductor elements comprises: infor- 
mation acquiring means for acquiring information; infor- 
mation communicating means for displaying or commu- 

20 nicating the information acquired by the information ac- 
quiring means; and energy converting means for con- 
verting energy given from the outside into energy of a 
kind for operating the information acquiring means and 
the information communicating means, which is differ- 

25 ent from the energy given from the outside, wherein 
communication is performed with a communication con- 
dition different for each of the groups of elements. 
[0027] In addition, the present invention is a method 
of communicating with a plurality of groups of elements 

30 with two or more solid semiconductor elements among 
a plurality of solid semiconductor elements disposed in 
a predetermined container forming one group, wherein 
the plurality of solid semiconductor elements comprises: 
information acquiring means for acquiring information; 

35 discriminating means for discriminating information 
based on the information acquired from the information 
acquiring means and a data table stored in advance; in- 
formation communicating means for displaying or com- 
municating the information determined by the discrimi- 

40 nating means; and energy converting means for con- 
verting energy given from the outside into energy of a 
kind for operating the information acquiring means, the 
discriminating means and the information communicat- 
ing means, which is different from the energy given from 

45 the outside, wherein communication is performed with 
a communication condition different for each of the 
groups of elemenls. 

[0028] In addition, the present invention is a method 
of communicating with a plurality of solid semiconductor 

50 elements provided in a predetermined container, where- 
in the plurality of solid semiconductor elements compris- 
es; information acquiring means for acquiring informa- 
tion; information communicating means for displaying or 
communicating the information acquired by the informa- 

55 tion acquiring means; and energy converting means for 
converting energy given from the outside into energy of 
a kind for operating the information acquiring means and 
the information communicating means, which is differ- 
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ent from the energy given from the outside, wherein 
each of the solid semiconductor elements has informa- 
tion for distinction or a memory, and communication is 
performed by recognizing the information for distinction 
or distinguishing the information by the memory. 
[0029] In addition, the present invention is a method 
of communicating with a plurality of solid semiconductor 
elements provided in a predetermined container, where- 
in the plurality of solid semiconductor elements compris- 
es: information acquiring means for acquiring informa- 
tion; discriminating means for discriminating information 
based on the information acquired from the information 
acquiring means and a data table stored in advance; in- 
formation communicating means for displaying or com- 
municating the information determined by the discrimi- 
nating means; and energy converting means for con- 
verting energy given from the outside into energy of a 
kind for operating the information acquiring means, the 
discriminating means and the information communicat- 
ing means, which is different from the energy given from 
the outside, wherein each of the solid semiconductor el- 
ements has information for distinction or a memory, and 
communication is performed by recognizing the infor- 
mation for distinction or distinguishing the information 
by the memory. 

[0030] In addition, the present invention is an ink tank 
for containing ink, wherein the ink tank includes two or 
more solid semiconductor elements, which comprises; 
energy converting means for converting energy given 
from the outside into energy of a different kind; informa- 
tion acquiring means for acquiring environmental infor- 
mation of the outside; information storing means for 
storing information to be compared with the information 
acquired by the information acquiring means; discrimi- 
nating means for comparing the information acquired by 
the information acquiring means and the information 
stored in the information storing means, which corre- 
sponds to the acquired information, to determine the ne- 
cessity of communicating information; and information 
communicating means for displaying the information ac- 
quired by the information acquiring means or communi- 
cating the information to the outside if the discriminating 
means determines that communication of information is 
necessary, and the information acquiring means, the in- 
formation storing means, the discriminating means and 
the information communicating means are activated by 
the energy converted by the energy converting means, 
and wherein the two or more solid semiconductor ele- 
ments have a function of detecting environmental infor- 
mation of the surrounding of the solid semiconductor el- 
ements to communicate the environmental information 
to the outside or display the environmental information 
by communicating with each other. 
[0031] In addition, the ink tank of the present invention 
is provided with: energy converting means for convert- 
ing energy given from the outside into energy of a dif- 
ferent kind; receiving means for receiving a signal from 
the outside; information storing means for storing infor- 



mation; and information communicating means for dis- 
playing or communicating the information of the infor- 
mation storing means according to the signal received 
by the receiving means, wherein the receiving means, 

5 the information storing means and the information com- 
municating means have two or more solid semiconduc- 
tor elements that are activated by the energy converted 
by the energy converting means, and the two or more 
solid semiconductor elements have a function of detect- 

10 jng environmental information of the surrounding of the 
solid semiconductor elements to communicate the en- 
vironmental information to the outside or display the en- 
vironmental information by communicating with each 
other. 

15 [0032] The solid semiconductor element of the 
present invention is provided with: energy converting 
means for converting energy given from the outside into 
energy of a different kind; receiving means for receiving 
a signal from the outside; information acquiring means 
20 for acquiring environmental information of the outside; 
information storing means for storing information to be 
compared with the information acquired by the informa- 
tion acquiring means; and discriminating means for 
causing the information acquiring means to acquire en- 
25 vironmental information of the outside according to the 
signal received by the receiving means and comparing 
the acquired information and the information stored in 
the information storing means, which corresponds to the 
acquired information, to discriminate whether or not the 
30 acquired information meets a predetermined condition 
and information communicating means for displaying or 
communicating at least the determination result of the 
discriminating means to the outside, wherein the receiv- 
ing means, the information storing means, the discrim- 
35 inating means and the information communicating 
means have two or more solid semiconductor elements 
that are activated by the energy converted by the energy 
converting means, and the two or more solid semicon- 
ductor elements have a function of detecting environ- 
40 mental information of the surrounding of the solid sem- 
iconductor elements to communicate the environmental 
information to the outside or display the environmental 
information by communicating with each other. 
[0033] The information communicating means of the 
45 solid semiconductor element may display information or 
communicate information to the other solid semiconduc- 
tor elements, and the receiving means may receive a 
signal from the other solid semiconductor elements. 
Moreover, at least one of the two or more solid semicon- 
50 ductor elements as described above may have a func- 
tion of giving an electromotive force to the other solid 
semiconductor elements. 

[0034] In the solid semiconductor element as de- 
scribed above, external energy to be converted by the 
55 energy converting means is preferably supplied in a 
non-contact state. 

[0035] In addition, in the solid semiconductor element 
as described above, the energy converted by the energy 
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converting means is electricity. As the external energy 
to be converted by the energy converting means into 
electricity, an electromotive force by electromagnetic in- 
duction, heat, light or radiation is possible. 
[0036] As the information communicating means in 
this case, means for converting electricity converted by 
the energy converting means into a magnetic field, light, 
a shape, a color, an electric wave or sound, which is 
energy for displaying information or communicating in- 
formation to the outside, is possible. 
[0037] In addition, as the energy converting means, 
means having an electric conductor coil, which gener- 
ates electricity by electromagnetic induction between 
the means and an external oscillating circuit, and an os- 
cillating circuit is possible. The electric conductor coil is 
preferably formed such that it winds itself around an out- 
er surface of the solid semiconductor element. 
[0038] In addition, the solid semiconductor element 
as described above may be further provided with buoy- 
ance force generating means for generating buoyance 
force using energy converted by the energy converting 
means. 

[0039] In addition, the solid semiconductor element 
as described above may have a hollow part for floating 
on a liquid level or a predetermined position in the liquid. 
[0040] In this case, it is preferable that a center of 
gravity of the solid semiconductor element floating in the 
liquid is positioned in a part lower than the center of the 
element, and the element does not rotate in the liquid, 
in which it floats, and steadily rocks. In addition, a meta 
center of the solid semiconductor element is always in 
a position higher than the center of gravity of the solid 
semiconductor element in the direction of the center of 
gravity. 

[0041] These two or more solid semiconductor ele- 
ments can be provided not only in liquid in an ink tank 
but also outside the liquid. It can be moved to other plac- 
es by giving an electromotive force or causing it to com- 
municate. In addition, it may be fixed in a definite place 
if necessary. 

[0042] In addition, the plurality of solid semiconductor 
elements preferably does not always communicate but 
communicates if necessary from the viewpoint of saving 
energy. An application such as giving a new function to 
the plurality of solid semiconductor elements by com- 
bining them is also possible. 

[0043] In addition, the ink jet recording apparatus of 
the present invention is provided with the above-men- 
tioned ink tank. The recording apparatus in this case 
preferably has means for supplying an electromotive 
force to the plurality of solid semiconductor elements in 
the ink tank as external energy to be converted by the 
energy converting means. As the electromotive force, 
electromagnetic induction, heat, light or radiation is pos- 
sible. Moreover, the above-mentioned ink jet recording 
apparatus preferably has means for receiving commu- 
nication from the solid semiconductor element. 
[0044] When the electromotive force is supplied to the 



plurality of solid semiconductor elements, it is possible 
to first supply the electromotive force to a main solid 
semiconductor element among the two or more solid 
semiconductor elements from the outside and to the oth- 
5 er solid semiconductor element from the main solid 
semiconductor element. Alternatively, it is possible that 
the electromotive force is supplied to the plurality of solid 
semiconductor elements directly from the outside. 
[0045] In addition, the present invention is a commu- 
10 nication system using a solid semiconductor element, 
which is provided with: a liquid container in which two 
or more solid semiconductor elements are disposed; an 
oscillating circuit having an electric conductor coil, infor- 
mation acquiring means for acquiring information on the 
is inside of the container, receiving means for receiving a 
signal from the outside and information communicating 
means for communicating information to the outside that 
are formed in the solid semiconductor element; an ex- 
ternal oscillating circuit, which is disposed outside the 
20 solid semiconductor element, for generating electricity 
by electromagnetic induction between the external os- 
cillating circuit and the oscillating circuit of the solid sem- 
iconductor element; and external communicating 
means for bidirectionally communicating between the 
25 receiving means and the information communicating 
means of the solid semiconductor element. 
[0046] In the communication system of this case, it is 
preferable that a center of gravity of the solid semicon- 
ductor element floating in the liquid, among the two or 
30 more solid semiconductor element, is positioned in a 
part lower than the center of the element, and the ele- 
ment does not rotate in the liquid, in which it floats ; and 
steadily rocks. In addition, a meta center of the solid 
semiconductor element is always in a position higher 
35 than the center of gravity of the solid semiconductor el- 
ement in the direction of the center of gravity. 
[0047] If a method of supplying external energy is 
used in an ink jet recording apparatus, it is sufficient to 
provide means for supplying an electromotive force to 
40 an element as external energy in a recovery position, a 
return position, a carriage, a head or the like. In addition, 
if an apparatus having means for supplying an electro- 
motive force is used, a state inside an ink tank can be 
found without the ink jet recording apparatus, for exam- 
45 pie, if it is used in a factory or a sales shop, it can be 
used for inspection or the like (guarantee of quality). 
[0048] When specific energy is given to the solid sem- 
iconductor element of the present invention for attaining 
the above-mentioned objects from the outside of the el- 
50 ement or from the main solid semiconductor element 
(preferably in a non-contact state), the energy convert- 
ing means converts the external energy into different en- 
ergy, and the solid semiconductor element activates the 
information acquiring means, the discriminating means, 
55 the information storing means and the information com- 
municating means by the converted energy. The acti- 
vated information acquiring means acquires environ- 
mental information around the element. The discriminat- 
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ing means then reads information for referring to the ac- 
quired information from the information storing means 
and compares the read stored information and the ac- 
quired information to determine the necessity of com- 
munication information. Then, if the discriminating 
means determines that it is necessary to communicate 
information, it causes the information communicating 
means to communicate the acquired information to the 
outside. 

[0049] In this way, since a function of acquiring sur- 
rounding environmental information to communicate it 
to the outside is incorporated in a semiconductor ele- 
mentof a solid shape, information can be acquired and 
communicated three-dimensionally. Thus, a direction of 
communicating information is not limited compared with 
the case in which a semiconductor element of a flat 
shape is used. Therefore, surrounding environmental 
information can be efficiently acquired and communicat- 
ed to the oulside. 

[0050] In addition, when a plurality of solid semicon- 
ductor elements are disposed in a predetermined con- 
tainer to communicate with a plurality of groups of ele- 
ments with two or more solid semiconductor elements 
among the plurality of solid semiconductor elements in 
the predetermined container forming one group, com- 
munication is performed with a different communication 
condition for each of the element groups. As a result, it 
becomes possible to efficiently performing determina- 
tion and selection of a pair of elements among the plu- 
rality of pairs and communication and control between 
the elements. Alternatively, each of the plurality of solid 
semiconductor elements provided in the predetermined 
container has information for distinction or a memory, 
and communication is performed by recognizing the in- 
formation for distinction or distinguishing the information 
by the memory. Thus, it also becomes possible to effi- 
ciently performing determination and selection of a pair 
of elements among the plurality of pairs and communi- 
cation and control between the elements. 
[0051] Moreover, information corresponding to a re- 
ceived signal can be acquired and a determination result 
of comparison with the stored information can be com- 
municated to the outside together with the acquired in- 
formation by adding communicating means for receiving 
a signal from the outside. Thus, it is also possible to bi- 
directionally exchange signals with an external element. 
[0052] In addition, more than two solid semiconductor 
elements of this kind are disposed in an ink tank, and 
environmental information of the surrounding of the 
semiconductor solid elements is detected by mutually 
communicating between the two or more solid ele- 
ments, and the environmental information is communi- 
cated to and displayed in the outside. Thus, it is possible 
to communicate information on ink contained in the ink 
tank, a pressure in the tank or the like to, for example, 
an ink jet recording apparatus in the outside on a real 
time basis. This is advantageous in controlling, for ex- 
ample, an amount of negative pressure that changes 



every moment in accordance with ink consumption to 
stabilize discharge of ink jet. 

[0053] Moreover, since external energy for activating 
a solid semiconductor element is supplied in a non-con- 
5 tact state, there is no need to provide an energy source 
for activating an element in an ink tank or to connect 
wiring for supplying energy to the element. Thus, the sol- 
id semiconductor element can be used in a part where 
it is difficult to draw around wiring directly connected to 
10 the outside. 

[0054] For example, when energy for activating an el- 
ement is electricity, an electric conductor coil for an os- 
cillating circuit as an external energy converting means 
is formed such that it winds itself around an outer sur- 
15 face of the solid semiconductor element. Thus, it is pos- 
sible to generate electricity in the electric conductor coil 
by electromagnetic induction between the solid semi- 
conductor element and the external oscillating circuit to 
supply the electricity to the element in a non-contact 
state. 

[0055] In this case, since the coil is wound around the 
outer surface of the element, the magnitude of the in- 
ductance of the coil varies in response to, for example, 
existence of ink, a residual amount of the ink, ink pH in 
the ink tank. Therefore, since the oscillating circuit 
changes an oscillating frequency in response to the var- 
iation of the inductance, it is possible to detect a residual 
amount of the ink in the ink tank based on the variation 
of the oscillating frequency to be changed. 
[0056] In addition, the solid semiconductor element 
has a hollow part for floating in liquid, and is formed such 
that a center of gravity of the element is positioned lower 
than the center of the element. Therefore, for example, 
even if the recording head provided in the ink jet record- 
ing apparatus and the ink tank operate serially and ink 
in the ink tank rocks up and down or left and right, the 
solid semiconductor element can detect information on 
the ink or a pressure in the tank with high accuracy while 
steadily floated in the ink in the ink tank. Moreover, the 
coil of the oscillating circuit formed in the element is held 
in a stable position with respect to a coil of the external 
oscillating circuit to allow stable bidirectional communi- 
cation at all times. 

[0057] Further, the term solid in the solid semiconduc- 
tor element throughout this specification includes all of 
various solid forms such as a triangular prism, a sphere, 
a hemisphere, a quadratic prism, a spheroid and an 
uniaxial body of rotation. 

[0058] In addition, the term meta center in this speci- 
fication indicates an intersection of a line of action of 
weight in balance and a line of action of buoyance force 
when slanted. 

[0059] Other features and advantages of the present 
invention will be apparent from the following description 
55 taken in conjunction with the accompanying drawings, 
in which the same reference characters designate the 
same or similar parts throughout the figures thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0060] In the accompanying drawings, 

Fig. 1 is a view showing an ink residual amount de- 
tecting apparatus described in Japanese Patent 
Application Laid-open No. 6-143607; 
Fig. 2 is a view showing an ink residual amount de- 
tecting apparatus described in Japanese Patent 
No. 2947245; 

Fig. 3 is a block diagram illustrating an internal con- 
figuration and exchanges of information with the 
outside of a solid semiconductor element of a first 
embodiment used in an ink tank of the present in- 
vention; 

Fig. 4 is a block diagram illustrating an internal con- 
figuration and exchanges of information with the 
outside of a solid semiconductor element of a sec- 
ond embodiment used in the ink tank of the present 
invention; 

Fig. 5 is a block diagram illustrating an internal con- 
figuration and exchanges of information with the 
outside of a solid semiconductor element of a third 
embodiment used in the ink tank of the present in- 
vention; 

Fig. 6 is a flow chart for describing operations of the 
element shown in Fig. 3; 

Fig. 7 is a flow chart for describing operations of the 
element shown in Fig. 5; 

Fig. 8 is a block diagram illustrating an internal con- 
figuration and exchanges of information with the 
outside of a solid semiconductor element of a fourth 
embodiment used in the ink tank of the present in- 
vention; 

Fig. 9 is a block diagram illustrating an internal con- 
figuration and exchanges of information with the 
outside of a solid semiconductor element of a fifth 
embodiment used in the ink tank of the present in- 
vention; 

Fig. 10 is a block diagram illustrating an internal 
configuration and exchanges of information with the 
outside of a solid semiconductor element of a sixth 
embodiment used in the ink tank of the present in- 
vention; 

Fig. 11 is a flow chart describing operations of the 
element shown in Fig. 10; 

Fig. 12 is a view showing an ink tank using a solid 
semiconductor element of an example of the 
present invention; 

Fig. 1 3 is an enlarged view of the solid semiconduc- 
tor element part of the ink tank of Fig. 1 2; 
Fig. 1 4 is a view showing an ink tank of another ex- 
ample using a solid semiconductor element; 
Fig. 1 5 is a view showing an ink tank of another ex- 
ample using a solid semiconductor element; 
Fig. 1 6 is an enlarged view of the solid semiconduc- 
tor element part of the ink tank of Fig. 1 5; 
Fig. 1 7 is a view showing an ink tank of another ex- 



ample using a solid semiconductor element; 
Fig. 1 8 is an enlarged view of the solid semiconduc- 
tor element part of the ink tank of Fig. 17; 
Fig. 1 9 is a view showing an ink tank of another ex- 

5 ample using a solid semiconductor element; 

Fig. 20 is a view showing an ink tank of another ex- 
ample using a solid semiconductor element; 
Fig. 21 is an enlarged view of the solid semiconduc- 
tor element part of the ink tank of Fig. 20; 

10 Fig. 22 is a view showing an ink tank of another ex- 
ample using a solid semiconductor element; 
Fig. 23 is a block diagram illustrating an internal 
configuration and exchanges of information with the 
outside of a solid semiconductor element of a sev- 

15 enth embodiment of the present invention; 

Figs. 24A and 24B are views showing a position of 
the element with the configuration of Fig. 5 floated 
in the ink in the ink tank together with changes of 
ink consumption; 

20 Fig. 25 is a flow chart for confirming a position of 

the element with the configuration shown in Fig. 5 
and discriminating the necessity of replacing the 
tank; 

Figs. 26A, 26B and 26C are conceptual drawings 
25 illustrating a method of using a solid semiconductor 
element being an eighth embodiment of the present 
invention; 

Fig. 27 is a view showing an example of arranging 
a solid semiconductor element, in which the embod- 
30 iments are appropriately combined, in an ink tank 
and an ink jet head connected to the ink tank, re- 
spectively; 

Fig. 28 is a view showing an example of a configu- 
ration for sequentially communicating an electro- 

35 motive force supplied to a certain solid semiconduc- 
tor element to other solid semiconductor elements 
together with information in an ink tank and an ink 
jet head connected to the ink tank; 
Fig. 29 is a view showing an example of an ink tank 

40 that is preferable for providing the solid semicon- 
ductor element according to the various embodi- 
ments of the present invention therein; 
Fig. 30 is a view showing an example of an ink tank 
that is preferable for providing the solid semicon- 

45 ductor element according to the various embodi- 
ments of the present invention therein; 
Fig. 31 is a view showing an example of an ink tank 
that is preferable for providing the solid semicon- 
ductor element according to the various embodi- 

50 ments of the present invention therein; 

Fig. 32 is a view showing an example of an ink tank 
that is preferable for providing the solid semicon- 
ductor element according to the various embodi- 
ments of the present invention therein; 

55 Fig. 33 is a view showing an example of an ink tank 

that is preferabl for providing the solid semicon- 
ductor element according to the various embodi- 
ments of the present invention therein; 
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Fig. 34 is a view showing an example of an ink lank 
that is preferable for providing the solid semicon- 
ductor element according to the various embodi- 
ments of the present invention therein; 
Fig. 35 is a view showing an example of an ink tank s 
that is preferable for providing the solid semicon- 
ductor element according to the various embodi- 
ments of the present invention therein; 
Figs. 36A, 36B and 36C are diagrams for illustrating 
reasons for disposing a plurality of solid semicon- 10 
ductor elements; 

Figs, 37A and 37B are sectional views illustrating a 
method of detecting existence of ink, which can be 
attained by combining a plurality of solid semicon- 
ductor elements; 15 
Fig. 38 is a flow chart showing an example of a 
method of detecting an ink residual amount; 
Figs. 39A and 39B are flow charts showing an ex- 
ample of detecting a stale of ink around an ink sup- 
ply port; 20 
Fig. 40 is a perspective view showing an example 
of an ink jet recording apparatus mounted with the 
ink tank shown in Figs. 12 to 22 or the like; 
Fig. 41 is a view illustrating a theory of generating 
electricity of energy generating means that is an el- 25 
ement of the solid semiconductor element of the 
present invention; 

Fig. 42 is a schematic vertical sectional view of an 
N-MOS circuit element of the solid semiconductor 
element used in the ink tank of the present inven- 30 
tion; 

Fig. 43 is a flow chart of operations in a solid sem- 
iconductor element on a transmitting side in the 
case in which a bidirectional communication is per- 
formed between a solid semiconductor element and 35 
a recording apparatus according to the ink tank of 
the present invention; 

Fig. 44 is a flow chart of operations in a recording 
apparatus on a receiving side in the case in which 
a bidirectional communication is performed be- *o 
tween a solid semiconductor element and a record- 
ing apparatus according to the ink tank of the 
present invention; 

Figs. 45A, 45B, 45C, 45D, 45E, 45F and 45G are 
views showing a series of steps for illustrating an ^ 
example of a method of manufacturing a solid sem- 
iconductor element of a floating type; 
Figs. 46A and 46B are views for illustrating condi- 
tions for a solid semiconductor element to hold a 
stable state in liquid; 50 
Fig. 47 is a block diagram illustrating an internal 
configuration and exchanges of information with the 
outside of a solid semiconductor element according 
to an embodiment of the present invention; 
Fig. 48 is a schematic view of an ink tank using the 55 
solid semiconductor element of the present inven- 
tion; and 

Fig. 49 is a graph showing absorption wave lengths 



of representative ink (yellow (Y), magenta (M) ? cyan 
(C) and black (B)). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0061] Embodiments of the present invention will be 
described with reference to the drawings. 

(First embodiment) 

[0062] Fig. 3 is a block diagram illustrating an internal 
configuration and exchanges of information with the out- 
side of a solid semiconductor element of a first embod- 
iment used in an ink tank of the present invention. A solid 
semiconductor element 1 1 of a form shown in the figure 
is provided with an electric connecting portion 1 9 for re- 
ceiving supply of electricity from the outside A and out- 
putting a signal to the outside A or B, information acquir- 
ing means activated by the electricity received by the 
electric connecting portion 1 9, discriminating means 16, 
information storing means 17 and information commu- 
nicating means 18 and is disposed on an outer wall of 
the ink tank. In addition, it is desirable that at least the 
information acquiring means 15 is formed on a surface 
of the element or in the vicinity of the surface, and the 
electric connecting portion 1 9 is formed on a surface op- 
posing it. 

[0063] The information acquiring means 15 acquires 
information on the inside of the ink tank that is surround- 
ing environmental information of the element 11. The 
discriminating means compares the information on the 
inside of the ink tank acquired from the information ac- 
quiring means 15 and information stored in the informa- 
tion storing means 17 to determine whether it is neces- 
sary to communicate the acquired information on the in- 
side of the tank to the outside. The information storing 
means 1 7 stores conditions for comparing with informa- 
tion on the inside of the tank to be acquired and the in- 
formation on the inside of the tank acquired from the in- 
formation acquiring means 15. The information commu- 
nicating means 1 8 commun icates the information on the 
inside of the tank to the outside A or B by sending a 
signal via the electric connecting portion 19 according 
to an instruction of the discriminating means 16. 
[0064] Fig. 6 is a flow chart for describing operations 
of the element shown in Fig. 3. Referring to Figs. 3 and 
7, it is seen that, when electricity 12 is given to the ele- 
ment 11 from the outside A or B, the information acquir- 
ing means 15, the discriminating means 16, the infor- 
mation storing means 17 and the information communi- 
cating means 18 are activated by the electricity. 
[0065] The activated information acquiring means 15 
acquires information on the inside of the ink tank, which 
is environmental information around the element, such 
as a residual amount of ink, a type of ink, temperature 
and pH (step S11 of Fig. 6). The discriminating means 
1 6 reads conditions for comparing with the acquired in- 
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formation on the inside of the tank from the information 
storing means 17 (step S12 of Fig. 6), and compares 
the read conditions and the acquired information on the 
inside of the tank to determine the necessity of commu- 
nicating information (step S13 of Fig. 6). Here, as an 
example of determination based on conditions set in ad- 
vance in the information storing means 17, it is deter- 
mined that replacement of a tank is required because 
the ink residual amount is reduced to two milliliters or 
less or pH of the ink changes significantly. 
[0066] If the discriminating means 1 6 determines that 
it is not necessary to communicate the information on 
the inside of the tank to the outside in step S1 3, present 
information on the inside of the ink tank is stored in the 
information storing means 17 (step S14 of Fig. 6). This 
stored information may be compared with the informa- 
tion acquired by the information acquiring means 15 in 
the discriminating means 16 next. 
[0067] In addition, if the discriminating means 16 de- 
termines that it is necessary to communicate the infor- 
. mation on the inside of the tank to the outside in step 
S13, a signal is outputted from the information commu- 
nicating means 18 and communicated to the outside. 
For example, if it is determined that the ink residual 
amount is reduced to two milliliters or less, the informa- 
tion communicating means 1 8 outputs an electric signal 
and communicates to the ink jet recording apparatus 
that replacement of the tank is necessary (step S15 of 
Fig. 6). 

[0068] If the element is used in an ink jet recording 
apparatus, it is sufficient to provide means for supplying 
electricity to the device and receiving a signal in a re- 
covery position, a return position, a carriage, a head or 
the like. Besides, if an apparatus having connecting 
means is used, a state inside the ink tank can be found 
without the ink jet recording apparatus, and for example, 
if it is used in a factory or a sales shop, it can be used 
for inspection or the like (guarantee of quality). 
[0069] According to this embodiment, since informa- 
tion acquired by the information acquiring means can 
be acquired as an electric signal if one part is connected, 
excess installation of wiring is unnecessary and a state 
of ink can be grasped on a real time basis with a simple 
configuration. 

(Second embodiment) 

[0070] Fig. 4 is a block diagram illustrating an internal 
configuration and exchanges of information with the out- 
side of a solid semiconductor element of a second em- 
bodiment used in the ink tank of the present invention. 
[0071] In Fig. 4, the information communicating 
means 18 converts electricity to energy for communicat- 
ing information on the inside of the tank according to an 
instruction of the discriminating means 1 6 to display and 
communicate the information on the inside of the tank 
to the outside B. 

[0072] Electricity is converted into energy for commu- 



nicating information on the inside of the ink tank to the 
outside by the information communicating means 1 8 . As 
the energy for this communication, a magnetic field, 
light, a shape, a color, an electric wave, sound or the 

5 like can be used! For example, if it is determined that an 
ink residual amount is reduced to two milliliters or less, 
the information communicating means 18 emits sound 
to communicate to the ink jet recording apparatus that 
replacement of the tank is necessary. In addition, infor- 

w mation is not only communicated to the ink jet recording 
apparatus but may be communicated for visual inspec- 
tion and hearing if the information is communicated by 
light, a shape, a color, sound or the like in particular. 
Moreover, a method of communicating may be changed 

is according to information. For example, if it is determined 
that the ink residual amount is reduced to two milliliters 
or less, the information is communicated by sound, and 
if it is determined that pH of the ink varies significantly, 
the information is communicated by light. 

20 [0073] According to this embodiment, since the ele- 
ment has means for directly communicating information, 
it is sufficient to supply electricity only, and excess elec- 
tric wiring is unnecessary. Thus, it becomes possible to 
simply and accurately grasp a state of ink on a real time 

25 basis. 

(Third embodiment) 

[0074] Fig. 5 is a block diagram illustrating an internal 

30 configuration and exchanges of information with the out- 
side of a solid semiconductor element of a third embod- 
iment used in the ink tank of the present invention. The 
solid semiconductor element 11 of a form shown in this 
figure is provided with an energy converting means 14 

35 for converting an electromotive force 12 supplied from 
the outside A to the element 11 on a non-contact state 
into electricity 13, the information acquiring means 15 
to be activated by the electricity acquired by the energy 
converting means 14, the discriminating means 16, the 

40 information storing means 17 and the information com- 
municating means 18 and is disposed on an outer wall 
inside an ink tank. As the electromotive force to be sup- 
plied for activating the element, electromagnetic induc- 
tion, heat, light radiation or the like can be applied. In 

-*5 addition, at least the energy converting means 14 and 
the information acquiring means 15 are desirably 
formed on a surface of the element or in the vicinity of 
the surface. 

[0075] The information acquiring means 15 acquires 
50 information on inside the ink tank which is surrounding 
environmental information of the element 11. The dis- 
criminating means 16 compares the information on the 
inside of the tank acquired from the information acquir- 
ing means 1 5 and information stored in the information 
55 storing means 1 7 to determine if it is necessary to com- 
municate the acquired information on the inside of the 
tank to the outside. The information storing means 17 
stores conditions for comparing with information on the 
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inside of the tank to be acquired and the information on 
the inside of the tank which is acquired from the infor- 
mation acquiring means 15. The information communi- 
cating means 1 8 converts electricity into energy for com- 
municating the information on inside the tank according 
to an instruction of the discriminating means 16 to dis- 
play and communicate the information on the inside of 
the tank on or to the outside B. 

[0076] Fig. 7 is a flow chart for describing operations 
of the device shown in Fig. 5. Referring to Figs. 5 and 
7, it is seen that when the electromotive force 1 2 is given 
from the outside A toward the element 11 , the energy 
converting means 14 converts the electromotive force 
12 into the electricity 13 and activates the information 
acquiring means 15 : the discriminating means 16, the 
information storing means 1 7 and the information com- 
municating means 18 by the electricity. 
[0077] The activated information acquiring means 15 
acquires information on the inside of the ink lank, which 
is environmental information around the element, such 
as an ink residual amount, a type of ink, temperature 
and pH (step S11 of Fig. 7). The discriminating means 
16 then reads the acquired information on the inside of 
the tank and the conditions for comparing from the in- 
formation storing means 17 (step S12 of Fig. 7) and 
compares the read conditions with the acquired infor- 
mation on the inside of the tank to determine the neces- 
sity of communicating the information (step S13 of Fig. 
7). Here, as an example of the determination based on 
conditions set in advance in the information storing 
means 17, it is determined that replacement of a tank is 
required because the ink residual amount is reduced to 
two milliliters or less or pH of the ink changes signifi- 
cantly. 

[0078] If the discriminating means 1 6 determines that 
it is unnecessary to communicate the information on the 
inside of the tank to the outside in step S13, present 
information on the inside of the tank is stored in the in- 
formation storing means 17 (step S14 of Fig. 7). This 
stored information may be compared with the informa- 
tion acquired by the information acquiring means 15 
next by the discriminating means 16. 
[0079] In addition, if the discriminating means 16 de- 
termines that it is necessary to communicate the infor- 
mation on the inside of the tank to the outside in step 
S13, the electricity acquired by the energy conversion 
is converted into energy for communicating the informa- 
tion on the inside of the ink tank to the outside in the 
information communicating means 18. As the energy for 
this communication, a magnetic field, light, a shape, a 
color, an electric wave, sound or the like can be used. 
For example, if it is determined that an ink residual 
amount is reduced to two milliliters or less, the informa- 
tion communicating means 18 emits sound to commu- 
nicate to the ink jet recording apparatus that replace- 
ment of the tank is necessary (step S15 of Fig. 7). In 
addition., information is not only communicated to the ink 
jet recording apparatus but may be communicated for 



visual inspection and hearing if the information is com- 
municated by light, a shape, a color, sound or the like in 
particular. Moreover, a method of communicating may 
be changed according to information. For example, if it 

5 is determined that the ink residual amount is reduced to 
two milliliters or less, the information is communicated 
by sound, and if it is determined that pH of the ink varies 
significantly, the information is communicated by light. 
[0080] If the element is used in an ink jet recording 

10 apparatus, it is sufficient to provide means for supplying 
electricity to the device as external energy in a recovery 
position, a return position, a carriage, a head or the like. 
Besides, if an apparatus having means for supplying 
electromotive force is used, a state inside the ink tank 

15 can be found without the ink jet recording apparatus, 
and for example, if it is used in a factory or a sales shop, 
it can be used for inspection or the like (guarantee of 
quality). 

[0081] According to this embodiment, since the ele- 
20 ment has the energy converting means, it becomes un- 
necessary to set electric wiring directly with the outside. 
Thus, the element can be used in a part where it is dif- 
ficult to set wiring directly connected to the outside, or 
in any part in an object such as an inner wall of an ink 
25 tank shown in Figs. 1 2 to 22. In addition, it becomes pos- 
sible to accurately grasp a state of ink on a real time 
basis. 

[0082] In addition, since the element has the energy 
converting means, it becomes unnecessary to dispose 

30 means for storing electromotive force for activating the 
element (a power source in this example). Thus, the el- 
ement can be miniaturized and can be used in a narrow 
part, or in any part inside an object such as on an inner 
wall of an ink tank as shown in Figs. 12 to 22. Further, 

35 although electromotive force is supplied in a non-con- 
tact state in this embodiment, electromotive force may 
be supplied temporarily in a contact state with the out- 
side and, then, in a non-contact state with the outside. 

40 (Fourth embodiment) 

[0083] Fig. 8 is a block diagram illustrating an internal 
configuration and exchanges of information with the out- 
side of a solid semiconductor element of a fourth em- 

45 bodiment used in the ink tank of the present invention. 
A solid semiconductor element 21 of a form shown in 
this figure is provided with the electric connecting por- 
tion 1 9 for receiving supply of electricity from the outside 
A and receiving a signal from the outside A or B and 

50 further outputting a signal to the outside A, B or C, in- 
formation acquiring means 25 to be activated by the 
electricity received by the electric connecting portion 19, 
discriminating means 26, information storing means 27, 
information communicating means 28 and receiving 

55 means 29 and is disposed on an outer wall of the ink 
tank. The ink tank is different from those in the first to 
third embodiments in that it has a receiving function. In 
addition, at least the information acquiring means 25 
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and the receiving means 29 are desirably formed on a 
surface of the element or in the vicinity of the surface, 
and the electric connecting portion 19 is desirably 
formed on a surface opposing it. 
[0084] The information acquiring means 25 acquires 
information on the inside of the ink tank which is sur- 
rounding environmental information of the element 21. 
The receiving means 29 receives an input signal 20 from 
the outside A or B. The discriminating means 26 causes 
the information acquiring means 25 to acquire the infor- 
mation on the inside of the tank in response to the input 
signal from the receiving means 29 ; compares the ac- 
quired information on the inside of the tank and informa- 
tion stored in the information storing means 27, and de- 
termines if the acquired information on the inside of the 
tank meets predetermined conditions. The information 
storing means 27 stores conditions for comparing with 
information on the inside of the tank to be acquired and 
the information on the inside of the tank acquired rrom 
the information acquiring means 25. The information 
communicating means 28 communicates the informa- 
tion on the inside of the tank to the outside A, B or C by 
sending a signal via the electric connecting portion 19 
according to an instruction of the discriminating means 
26. 

[0085] According to this embodiment, since the ele- 
ment has a function of receiving a signal from the out- 
side, it becomes possible to answer questions by means 
of signals of various kinds from the outside in addition 
to the effect by the first embodiment, and information 
can be exchanged between the element and the out- 
side. 

(Fifth embodiment) 

[0086] Fig. 9 is a block diagram illustrating an internal 
configuration and exchanges of information with the out- 
side of a solid semiconductor element of a fifth embod- 
iment used in the ink tank of the present invention. In 
Fig. 9, the information communicating means 18 con- 
verts electricity into energy for communicating informa- 
tion on the inside of the tank according to an instruction 
of the discriminating means 1 6 to display the information 
on the inside of the tank or communicate the information 
to the outside B. 

[0087] Electricity is converted into energy for commu- 
nicating information on the inside of the ink tank to the 
outside by the information communicating means 1 8. As 
the energy for this communication, a magnetic field, 
light, a shape, a color, an electric wave, sound or the 
like can be used. For example, if it is determined that an 
ink residual amount is reduced to two milliliters or less, 
the information communicating means 18 emits sound 
to communicate to the ink jet recording apparatus that 
replacement of the tank is necessary. In addition, infor- 
mation is not only communicat d to the ink jet recording 
apparatus but may be communicated for visual inspec- 
tion and hearing if the information is communicated by 



light, a shape, a color, sound or the like in particular. 
Moreover, a method of communicating may be changed 
according to information. For example, if it is determined 
that the ink residual amount is reduced to two milliliters 

5 or less, the information is communicated by sound, and 
if it is determined that pH of the ink varies significantly, 
the information is communicated by light. 
[0088] According to this embodiment, since the ele- 
ment has a function of receiving a signal from the out- 

10 side, it becomes possible to answer questions by means 
of signals of various kinds from the outside in addition 
to the effect by the second embodiment, and information 
can be exchanged between the element and the out- 
side. 

15 

(Sixth embodiment) 

[0089] Fig. 10 is block diagram illustrating an internal 
configuration and exchanges of informalion with the out- 

20 side of a solid semiconductor element of a sixth embod- 
iment used in the ink tank of the present invention. A 
solid semiconductor element 21 of a form shown in this 
figure is provided with an energy converting means 24 
for converting an electromotive force 22 supplied from 

25 the outside A to the element 21 on a non-contact state 
into electricity 23, the information acquiring means 25 
to be activated by the electricity acquired by the energy 
converting means 24, the discriminating means 26, the 
information storing means 27, the information commu- 

30 nicating means 28 and the receiving means 29 and is 
disposed in the ink tank. The element is different from 
that of the first embodiment in that it has a receiving 
function. As the electromotive force to be supplied for 
activating the element, electromagnetic induction, heat, 

35 light, radiation or the like can be applied. In addition, at 
least the energy converting means 24, the information 
acquiring means 25, and the receiving means 29 are 
desirably formed on a surface of the element or in the 
vicinity of the surface. 

40 [0090] The information acquiring means 25 acquires 
information on the inside of the ink tank which is sur- 
rounding environmental information of the element 21 . 
The receiving means 29 receives an input signal 30f rom 
the outside A or B. The discriminating means 26 causes 

45 the information acquiring means 25 to acquire the infor- 
mation on the inside of the tank in response to the input 
signal from the receiving means 29, compares the ac- 
quired information on the inside of the tank and informa- 
tion stored in the information storing means 27, and de- 

50 termines if the acquired information on the inside of the 
tank meets predetermined conditions. The information 
storing means 27 stores conditions for comparing with 
information on the inside of the tank to be acquired and 
the information on the inside of the tank acquired from 

55 the information acquiring means 25. The information 
communicating means 28 converts electricity to energy 
for communicating the information on the inside of the 
tank according to an instruction of the discriminating 
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means 26, and displays or communicates a determina- 
tion result by the discriminating means 26 on or to the 
outside A, B or C. 

[0091] Fig. 11 is a flow chart describing operations of 
the element shown in Fig. 10. Referring to Figs. 10 and 5 
1 1 , it is seen that when the electromotive force 22 is giv- 
en from the outside A toward the element 21 , the energy 
converting means 24 converts the electromotive force 
22 into the electricity 23 and activates the information 
acquiring means 25 : the discriminating means 26, the 10 
information storing means 27, the information commu- 
nicating means 28 and the receiving means 29 by the 
electricity. 

[0092] In this state, the signal 30 for inquiring about 
the information on the inside of the ink tank is sent from *5 
the outside A or B to the element 21 . This input signal 
30 is a signal for inquiring the element, for example, if 
ink is still left in the ink tank and is received by the re- 
ceiving means 29 (step S21 of Fig. 11). Then, the dis- 
criminating means 26 causes the information acquiring 20 
means 25 to acquire information on the inside of the ink 
tank such as an ink residual amount, a type of ink, tem- 
perature and pH (step S22 of Fig. 11) and reads condi- 
tions for comparing with the acquired information on the 
inside of the tank from the information storing means 27 25 
(st p S23 of Fig. 11) to determine if the acquired infor- 
mation on the inside of the tank meets set conditions 
(stepS24of Fig. 11). 

[0093] If the discriminating means 26 determines that 
the acquired information does not meet the set condi- 30 
tions in step S24, it communicates that effect, and if the 
discriminating means 26 determines that the acquired 
information meets the set conditions, it communicates 
that effect to the outside A, B or C (steps S25 and S26). 
At this, point, the acquired information may be commu- 35 
nicatedtogetherwith the determination result. This com- 
munication is performed by converting electricity ac- 
quired by energy conversion into energy for communi- 
cating the information on the inside of the ink tank to the 
outside by the information communicating means 28. As *o 
the energy for this communication, a magnetic field, 
light, a shape, a color, an electric wave, sound or the 
like can be used, which may be changed in response to 
the determination result. In addition, the method of com- 
munication may be changed according to contents of 45 
questions to be answered (e.g., if the ink residual 
amount is two milliliter or less, if pH of the ink changes, 
or the like). 

[0094] Further, electromotive force may be given to 
the element 21 together with the input signal 30 form the so 
outside A or B, and a signal may be given according to 
a purpose for using it. For example, if the electromotive 
force is electromagnetic induction, a signal for inquiring 
about an ink residual amount is given, and if the elec- 
tromotive force is light, a signal for inquiring about pH is 55 
given. 

[0095] According to this embodiment, since the ele- 
ment has a function of receiving a signal from the out- 



side, it becomes possible to answer questions by means 
of signals of various kinds from the outside in addition 
to the effect by the first embodiment, and information 
can be exchanged between the element and the out- 
side. 

(Examples of a configuration of an ink tank) 

[0096] Examples of a configuration of an ink tank, to 
which the solid semiconductor element of the above- 
mentioned embodiments are applied, are shown in Figs. 
12 to 22. 

[0097] An ink tank 511 a shown in Fig. 12 has a hous- 
ing 512 for containing ink 513 and is provided with an 
ink supply port 514 on its outer wall. An ink jet head 515 
for making a record by discharging and applying the ink 
51 3 supplied from the ink supply port 51 4 on a recording 
sheet S is attached on the outer wall provided with the 
ink supply port 514. 

[0098] A solid semiconductor element 516a is dis- 
posed on a bottom part of the ink tank 51 1 a while being 
embedded in the outer wall. In this case, the solid sem- 
iconductor element 516a can be disposed such that a 
part of it is exposed in the ink tank 511a and the other 
side is exposed to the outside. An enlarged view • of the 
solid semiconductor element part is shown in Fig. 13. 
The part of the solid semiconductor element 516a ex- 
posed inside the ink tank 511a is a part contacting the 
ink, and information acquiring means for detecting pres- 
ence of ink can be preferably disposed in this part. That 
is, for example, a mechanism for detecting a residual 
amount of ink from variations of a resistance value 
caused by the ink contacting the mechanism can be pro- 
vided a the information acquiring means, or a pH sensor 
can be formed on the surface of the element to be made 
the information acquiring means. In addition, informa- 
tion communicating means, receiving means and ener- 
gy converting means are disposed on the part exposed 
to the outside of the ink tank 511a. Thus, information 
and energy can be efficiently exchanged with the out- 
side without being blocked by the outer wall of the ink 
tank 511a. 

[0099] With such a configuration, for example, the dis- 
criminating means compares the information acquired 
by the information acquiring means and the information 
stored in the information storing means, whereby It be- 
comes possible to emit a signal such as an electric wave 
from the information communicating means to the re- 
cording apparatus when the discriminating means de- 
termines that ink is exhausted. 

[0100] An ink tank 511b shown in Fig. 14 has a con- 
figuration substantially the same as that of the ink tank 
shown in Fig. 12, in which a solid semiconductor ele- 
ment 516b is disposed on an outer wall in a side part 
such that its part exposed to the outside can be seen by 
a user. With this configuration, information acquiring 
means for delecting presence of ink can be disposed in 
a part exposed to the inside of the solid semiconductor 
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element 516b, and information communicating means 
tor emitting, for example, light and sound can be prefer- 
ably disposed in a part exposed to the outside. By dis- 
posing such an information communicating means, the 
user can directly confirm a signal from the information 
communicating means of the solid semiconductor ele- 
ment 51 6b. 

[0101] An ink tank 511c shown in Fig. 15 has a con- 
figuration substantially the same as those in Figs. 12 
and 14, and can be mounted on a carriage 517. In this 
ink tank 511c, a solid semiconductor element 516c is 
disposed in a part contacting the carriage 51 7 on its out- 
er wall. Fig. 1 6 shows an enlarged view of the solid sem- 
iconductor element part. A terminal for connection 518 
is disposed in a position opposing the solid semiconduc- 
tor element 51 6c on the carriage 51 7. Thus, information 
acquiring means for detecting presence of ink or the like 
can be disposed in the part exposed to the inside of the 
solid semiconductor element 516c as in the examples 
of Figs. 12 and 14, and an electric connecting portion 
can be disposed in the part exposed to the outside. 
[0102] In this way, when the ink tank 51 1c is attached 
to the carriage 51 7, the electric connecting portion of the 
solid semiconductor element 51 6c is connected to the 
terminal for connection 518 on the carriage, whereby, 
for example, a power source can be supplied to the solid 
semiconductor element 516c and signals can be ex- 
changed via the connecting portion. In this case, the sol- 
id semiconductor element 516c can be made to be ex- 
posed from the outer wall relatively largely. Thus, it is 
easy to make the electric connecting portion of the solid 
semiconductor element 516c to be steadily connected 
to the terminal for connection 518 of the carriage 517, 
and highly credible connection can be performed. 
[0103] Although the examples of Figs. 12 to 15 show 
a single solid semiconductor element is disposed on the 
outer wall of the ink tank, a plurality of solid semicon- 
ductor elements may be disposed. Fig. 1 7 shows an ink 
tank 51 1d in which two solid semiconductor elements 
are disposed. 

[0104] A first solid semiconductor 51 9a having a part 
exposed to the inside of the ink tank 51 1 d and a second 
solid semiconductor 51 9b having a part exposed to the 
outside of the ink tank 51 1d are embedded in the outer 
wall of the ink tank 51 1d. Exchange of information be- 
tween the two solid semiconductors 519a and 519b is 
performed by, for example, contacting to dispose both 
the semiconductors and electrically connecting them at 
a contacting part. Fig. 1 8 shows an enlarged view of the 
solid semiconductor element part. In this configuration, 
functions of the two solid semiconductors 519a and 
519b can be separated by, for example, providing infor- 
mation acquiring means for detecting presence of ink 
on the part exposed to the inside of the ink tank 51 1 d of 
the first solid semiconductor 519a and providing infor- 
mation communicating means in a part exposed to the 
outside of the ink tank 51 1d of the second solid semi- 
conductor 519b. 



[0105] An ink tank 521a shown in Fig. 19 has a first 
chamber 530 for directly containing ink 522 and a sec- 
ond chamber 531 for containing a negative pressure 
generating member 523. The first chamber 530 and the 
5 second chamber 531 connect each other in the lowest 
part of the tank via a connecting path 524 that is opened 
in an inner wall dividing both the chambers. The first 
chamber 530 is substantially in a closed state except 
the connecting path 524. The second chamber 531 is in 
io an air connecting state, and an ink supply port 525 for 
supplying ink to the outside is opened in the second 
chamber 531 . Ink is held in the second chamber 531 
utilizing a negative pressure generated by the negative 
pressure generating member 523. In this ink tank 521 a, 
15 when ink on the second chamber 531 side is consumed 
via the ink supply port 525, the air enters the first cham- 
ber 530 from the second chamber 531 side, and the ink 
522 in the first chamber 530 is guided to the second 
chamber 531 in place of Ihe air. In this way, a substan- 
tially constant amount of ink is always held in the second 
chamber 531 f and ink is steadily supplied. 
[0106] In the ink tank 521 of such a configuration, a 
solid semiconductor element may be disposed on one 
side. However, as shown in Fig. 19, a first solid semi- 
conductor element 526a and a second solid semicon- 
ductor element 526b can be easily disposed in both the 
first chamber 530 and the second chamber 531 . That 
is, the first solid semiconductor element 526a having a 
part exposed to the inside of the first chamber 530 and 
a part exposed to the outside of the ink tank 521a and 
the second solid semiconductor element 526b having a 
part exposed to the inside of the second chamber 531 
and a part exposed to the outside of the ink tank 521a 
are provided in this ink tank 521a. With such a configu- 
ration, for example, presence of ink can be detected in 
each of the first chamber 530 and the second chamber 
531 to communicate a detection signal to the outside, 
and more detailed information on the ink in the ink tank 
521 a can be detected and sent. 

[0107] The ink tank 521b shown in Fig. 20 has a solid 
semiconductor element 527 embedded in an inner wall 
dividing the first chamber 530 and the second chamber 
531 and is disposed to have a part exposed in the first 
chamber 530 and a part exposed in the second chamber 
531 . Fig. 21 shows an enlarged view of the solid semi- 
conductor element part. In this configuration, independ- 
ent information acquiring means for detecting presence 
of ink or the like can be provided in each of the parts 
exposed on both sides of the solid semiconductor ele- 
ment 527, and one solid semiconductor element 527 
can detect ink in both the first chamber 530 and the sec- 
ond chamber 531 . With such a configuration, manufac- 
turing costs can be reduced compared with the case in 
which a solid semiconductor element are provided inde- 
pendently in both the chambers. 

[0108] The ink tank 521c shown in Fig. 22 has a plu- 
rality of solid semiconductor elements 528 disposed on 
the inner wall dividing the first chamber 530 and the sec- 
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ond chamber 531 and the outer wall. In the example 
shown in this figure, four solid semiconductor elements 
528 are disposed on the inner wall and one solid semi- 
conductor element 528 is disposed on the outer wall. In 
this way, a multiplicity of solid semiconductor elements 
528 are disposed, whereby a state of ink in the ink tank 
521c can be detected more in detail, for example, pres- 
ence of ink is detected in many parts to precisely detect 
an ink residual amount. 

[0109] ir. If a plurality of solid semiconductor elements 
528 are disposed as described above, for example, fre- 
quency.of a signal emitted from each solid semiconduc- 
tor element is changed or an ID signal is transferred and 
then information is transferred, whereby it can be made 
distinguishable that a signal is from the solid semicon- 
ductor element 528 in each place. 
[0110] In addition, in the case in which signals from a 
plurality of solid semiconductor elements are handled, 
for example, the case in which a plurality of ink tanks 
are used in one recording apparatus, it is desirable to 
change frequency for emitting a signal emitted for each 
solid semiconductor element or an ID signal is trans- 
ferred and then information is transferred, whereby it 
can be distinguished which solid semiconductor ele- 
ment is the one that emitted a signal. In this way, it be- 
comes possible to detect an ink residual amount of each 
color in a recording apparatus having, for example, a 
plurality of ink tanks corresponding to a plurality of colors 
of ink. 

[0111] Further, as the solid semiconductor element 
used in. the ink tank of this example, it is also possible 
to use one in which the configurations of the above-men- 
tioned first and the second embodiments are appropri- 
ately combined. 

(Seventh embodiment) 

[0112] Fig. 23 is block diagram illustrating an internal 
configuration and exchanges of information with the out- 
side of a solid semiconductor element according to a 
seventh embodiment of the present invention. A solid 
semiconductor element 31 of a form shown in this figure 
is provided with energy converting means 34 for con- 
verting electromotive force 32 supplied in a non-contact 
state from the outside A toward the element 31 into elec- 
tricity 33 and buoyance force generating means 35 for 
generating buoyance force using the electricity acquired 
by the energy converting means 34. and is disposed in 
ink in an ink tank. 

[0113] In such a form, when the electromotive force 
32 is given from the outside A toward the element 31, 
the energy converting means 34 converts the electro- 
motive force 32 into the electricity 33, and the buoyance 
force generating means generates buoyance force us- 
ing the electricity 33 to float the element 31 on the liquid 
level of the ink. This buoyance force not only floats the 
element 31 on the liquid level of the ink but also may 
always position the element a fixed distance downward 



from the liquid level of the ink in order to prevent dis- 
charge in a state in which the tank is empty. 
[0114] For example, Figs. 24A and 24B show posi- 
tions of an element floated in ink contained in an ink tank 
5 and changes of the ink consumption. In the tank as 
shown in Figs. 24A and 24B, ink equivalent to a con- 
sumed amount is held in a negative pressure generating 
member 37 as the ink in the negative pressure gener- 
ating member 37 is guided to the outside from an ink 
10 supply port 36. Thus, the solid semiconductor element 
31 in raw ink 38 moves in accordance with lowering of 
an ink liquid level H by the consumption of the ink in the 
state in which the solid semiconductor element 31 exists 
a fixed distance downward from the ink liquid level H. In 
15 this ink tank, the negative pressure generating member 
37 for generating a negative pressure in the ink in the 
ink tank is contained in a negative pressure chamber, 
and the negative pressure chamber is connected to a 
chamber that directly contains the raw ink 38. 
20 [0115] Fig. 25 is a flow chart for confirming the posi- 
tion of the element 31 and discriminating the necessity 
of replacing the tank. Referring to steps S31 to S34 of 
Figs. 23 and 25, it is seen that light is emitted to the 
element 31 by the outside A or B (e.g., an ink jet record- 
's j n g apparatus), the position of the element 31 is detect- 
ed by receiving the light reflected by the element in the 
outside A or B (e.g., an ink jet recording apparatus) or 
the outside C, the ink jet recording apparatus deter- 
mines if it is necessary to replace the ink tank according 
30 to the position of the element 31 and, if it is necessary, 
notifies a user of replacement of the tank by sound, light 
or the like. 

[0116] For the detection of the position of the element, 
an ink jet recording apparatus is provided with light emit- 

35 ting means and light receiving means opposing each 
other, and a part of the element does not pass light from 
the light emitting means, whereby the position is con- 
firmed. Alternatively, light emitted from the light emitting 
means is reflected toward the light receiving means, 

^0 whereby the position is confirmed. 

[0117] According to this embodiment, even if buoy- 
ance force or the like required for an element according 
to an environment in which the element is used such as 
different buoyance force of liquid, the element can be 

^5 set to always exist in a desired position by converting 
electromotive force from the outside by energy convert- 
ing means. Thus, the element can be used regardless 
of an environment in which it is placed. 
[0118] Further, this embodiment can be appropriately 

50 combined with the above-mentioned first and sixth em- 
bodiments. 

(Eighth embodiment) 

55 [0119] Figs. 26A to 26C are conceptual drawings il- 
lustrating a method of using two or more, that is, a plu- 
rality of solid semiconductor elements, which is an 
eighth embodiment of the present invention. 
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[0120] This embodiment has a configuration in which 
a function of communicating information to the other el- 
ements is given to the solid semiconductor elements of 
the first and the sixth embodiments, a plurality of which 
are disposed in an object. 

[0121] In an example of Fig. 26A, a plurality of solid 
semiconductor elements of the first embodiment are dis- 
posed in an object. When electromotive force is supplied 
form the outside A or B to each element, each element 
acquires surrounding environmental information, re- 
spectively. Then, information acquired by an element 41 
is communicated to an element 42, information a and b 
acquired by the element 41 and the element 42, and 
subsequent information is sequentially communicated 
to the next element. A last element 43 communicates 
all information acquired to the outside A or B. 
[0122] In addition, in an example of Fig. 26B : a plu- 
rality of solid semiconductor elements of the sixth em- 
bodiment are arranged in an object, and electromotive 
force is supplied to each element from the outside A or 
B. When a predetermined question by a signal is input- 
ted, for example, in an element 53 from the outside A or 
B, an element 51 or 52 corresponding to contents of the 
question acquires information corresponding to the 
question to make an answer. The question and the an- 
swer of the element 51 or 52 are sequentially commu- 
nicated to the other elements and returned to the outside 
A, B or C from a desired element 53. 
[0123] In addition, in an example of Fig. 26C, a plu- 
rality of solid semiconductor elements of the sixth em- 
bodiment are disposed in an object, and an electromo- 
tive force is supplied to each element from the outside 
A or B. When a certain signal is inputted, for example, 
in an element 63 from the outside A or B, the signal is 
sequentially communicated to an element 62 and an el- 
ement 61 , and the element 63 performs display on the 
outside A, B or C. 

[0124] Further, in the examples of Figs. 26A to 26C, 
the solid semiconductor element provided with buoy- 
ance force generating means of the seventh embodi- 
ment may be used as one of the plurality of solid semi- 
conductor elements. 

[0125] In addition, Fig. 27 shows an example of dis- 
posing a plurality of solid semiconductor elements, with 
which the embodiments of the first, the sixth or the sev- 
enth embodiments is appropriately combined, in an ink 
tank or an ink jet head connected to the ink tank, respec- 
tively. In this example, a solid semiconductor element 
71 is disposed in a desired position in ink 73 in an ink 
tank 72. In the solid semiconductor element 71, the 
buoyance force generating means and the function of 
communicating information to another element 79 of the 
seventh embodiment are added to the solid semicon- 
ductor element of the first embodiment. On the other 
hand, a solid semiconductor element 79 of the sixth em- 
bodiment provided with an ID function (authentication 
function) is disposed in a recording head 78. The record- 
ing head 78 discharges ink, which is supplied through a 



liquid path 75 and a liquid chamber 76 connected to an 
ink supply port 74 of the ink tank 72, for printing. Elec- 
tricity may be supplied to this element 79 by the contact 
between an electrode portion disposed on the surface 

5 of the element and a contact portion on an electric sub- 
strate for driving the recording head 78. 
[0126] Then, when electromotive force is supplied to 
each of the elements 71 and 79 form the outside, the 
element 71 in the ink acquires, for example, information 

10 on a residual amount of ink, and the element 79 on the 
recording head side communicates, for example, ID in- 
formation for discriminating an ink residual amount for 
replacement of a tank to the element 71 . Then, the ele- 
ment 71 compares the acquired ink residual amount and 

15 the ID and instructs the element 79 to notify the outside 
of the replacement of a tank only when the ink residual 
amount and the ID coincide with each other. Upon re- 
ceiving the instruction, the element 79 communicates a 
signal notifying the outside of the replacement of a lank 

20 and outputs sound, light or the like that appeals to eyes 
or hearing. 

[01 27] As described above, complicated conditions of 
information can be set by disposing a plurality of ele- 
. mcnts in a certain object. 

25 [0128] In addition, electromotive force is supplied to 
each solid semiconductor element in the examples 
shown in Figs. 26 and 27. However, the present inven- 
tion is not limited to this, and electromotive force sup- 
plied to a certain element may be sequentially commu- 

30 nicatedto the other elements together with information. 
For example, as shown in Fig. 28, a solid semiconductor 
element 81 and a solid semiconductor element 82 are 
arranged in predetermined position in the ink 73 in the 
ink tank 72, respectively, as in shown Fig. 27. In the solid 

35 semiconductor element 81 , the buoyance force gener- 
ating means, the function of communicating information 
to the other elements and the function of supplying elec- 
tromotive force of the sixth embodiment are added to 
the solid semiconductor element of the first embodi- 

40 ment. In the solid semiconductor element 82, the buoy- 
ance force generating means of the seventh embodi- 
ment, the function of communicating information to the 
other elements, and the function of supplying electro- 
motive force of the seventh embodiment are added to 

45 the solid semiconductor element of the sixth embodi- 
ment. On the other hand, a solid semiconductor element 
83 of the sixth embodiment provided with an ID function 
(authentication function) is disposed in the recording 
head 78 connected to the ink tank 72. Electricity may be 

so supplied to this element 83 by the contact between an 
electrode portion disposed on the surface of the element 
and a contact portion on an electric substrate for driving 
the recording head 78; In Figs. 27 and 28, a symbol P 
denotes electromotive force and a symbol w denotes a 

55 print scanning direction. 

[0129] Then, when electromotive force is supplied to 
the element 81 from the outside, the element 81 in the 
ink acquires, for example, ink residual amount informa- 
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tion, compares the information with defined conditions 
of the inside. If it is necessary to communicate the infor- 
mation to the other elements, the element 81 communi- 
cates the acquired ink residual amount information to 
the element 82 together with electromotive force for op- 
erating the element 82. The element 82 to which the 
electromotive force is supplied receives the ink residual 
amount information communicated from the element 81 
and acquires information on, for example, pH of the ink 
to communicate electromotive force for operating the el- 
ement 83 to the element 83 on the recording head side. 
Then, the element 83 on the recording head side to 
which the electromotive force is supplied communicates 
ID information for discriminating, for example, an ink re- 
sidual amount or pH of the ink for replacement of a tank 
to the element 82. The element 82 then compares the 
acquired ink residual amount information and pH infor- 
mation with the ID and communicates to instruct the el- 
ement 83 to notify the outside of the replacement of the 
tank only when the acquired ink residual amount infor- 
mation andpH information and the ID coincide with each 
other. Upon receiving this, the element 83 communi- 
cates a signal for notifying the outside of the replace- 
ment of the tank or outputs sound, light or the like ap- 
pealing to eyes and hearing. In this way, a method of 
supplying electromotive force from a certain element to 
the other elements together with information is also pos- 
sible. 

[0130] Further, as the recording head 78, a recording 
head is possible which foams ink by heat of an electro- 
thermal conversion element such as a heater in a liquid 
path and discharges the ink from a micro opening con- 
necting to the liquid path by air bubble growing energy. 

(Other embodiments) 

[0131] Examples of a configuration of an ink tank to 
which the solid semiconductor elements of the above- 
mentioned embodiments can be applied are shown in 
Figs. 29 to 35. The ink tank 501 shown in Fig. 29 has a 
flexible ink bag 502 containing ink provided in a housing 
503, closes a bag opening 502a by a rubber plug 504 
fixed to the housing 503 and sticks a hollow needle 505 
for guiding ink into the rubber plug 504 to connect the 
ink into the bag, thereby suppling the ink to an ink jet 
head (not shown). A solid semiconductor element 506 
of the present invention can be disposed in the ink bag 
502 of such an ink tank 501 . 

[0132] In addition, an ink tank 511 shown in Fig. 30 is 
an ink tank in which an ink jet head 51 5, which discharg- 
es ink toward a recording sheet S to record information 
on it, to an ink supply port 514 of a housing512 contain- 
ing ink 513. A solid semiconductor element 516 of the 
present invention can be disposed in the ink 51 3 in such 
a tank 511 . 

[0133] In addition, an ink tank 512 shown in Fig. 31 is 
provided with a first chamber in a completely closed 
state for containing ink 522, a second chamber in an air 



connecting state, which is a negative pressure chamber, 
for containing a negative pressure generating member 
523 for generating a negative pressure in in k, and a con- 
necting path 524 for connecting the first chamber and 

5 the second chamber in the lowest part of the tank. When 
ink is consumed from an ink supply port 525 on the sec- 
ond chamber side, the ink 522 in the first chamber is 
guided into the second chamber in response to air en- 
tering the first chamber from the second chamber side. 

10 in the tank 521 of such a configuration, solid semicon- 
ductor elements 526 and 527 of the present invention 
may be disposed in the first and the second chambers, 
respectively, to exchange information on ink in each of 
the divided chambers. 

15 [0134] In addition, an ink tank 541 shown in Figs. 32 
to 34 is provided with a first chamber in a completely 
closed state for containing ink 547, a second chamber 
in an air connecting state, which is a negative pressure 
chamber, for containing a negative pressure generating 

20 member 546, and a connecting path 548 for connecting 
the first chamber and the second chamber at the lowest 
part of the tank as in Fig. 31 . Ink in the second chamber 
is consumed from an ink supply port 549 formed in a 
part opposite the connecting path 548 side in a wall por- 

25 tion forming the second chamber. In this. ink tank 541 , 
solid semiconductor elements 542 and 543 are dis- 
posed in the first chamber, and solid semiconductor el- 
ements 544 and 545 are disposed in the second cham- 
ber. In the case of the ink tank 521 of Fig. 31 , one solid 

30 semiconductor element is disposed in the first and the 
second chambers, respectively. Each solid semicon- 
ductor element manages information on ink in each 
chamber, but the information cannot be simply com- 
pared because media therein are different in the first and 

35 the second chambers. 

[01 35] Reasons for disposing a plurality of solid sem- 
iconductor elements in each of the first and the second 
chambers will be described with reference to Figs. 36A 
to 36C. Fig. 36A is a diagram showing an attenuation 

40 amount of an electromagnetic wave used for communi- 
cation between two solid semiconductor elements in the 
case in which each of the two elements is disposed in 
the first and the second chambers, respectively. Fig. 
36B is a diagram showing an attenuation amount of an 

45 electromagnetic wave used for communication between 
a plurality of solid semiconductor elements in the case 
in which the elements are disposed in the first chamber 
(X). Fig. 36C is a diagram showing an attenuation 
amount of an electromagnetic wave used for communi- 

50 cation between a plurality of solid semiconductor ele- 
ments in the case in which the elements are disposed 
in the second chamber (Y). 

[0136] For example, in the case in which a residual 
amount or the like is detected using an electromagnetic 
55 wave, attenuation amounts of the wave are different in 
the first and the second chambers as shown in Fig. 36A 
because the first chamber contains only ink, whereas 
the second chamber contains ink and a negative pres- 
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sure generating member. Thus, it becomes difficult to 
grasp a state and to control detection of environmental 
information. On the other hand, in Figs. 32 to 34, each 
chamber has a plurality of solid semiconductor ele- 
ments. It is advantageous to communicate between the 5 
solid semiconductor elements existing in each chamber 
as shown in Figs. 36B and 36C because media therein 
are the same. In addition, a plurality of solid semicon- 
ductor elements are disposed in each of the first and the 
second chambers in this way, and data detected by each 
of the elements are corrected to be compared, whereby 
it becomes possible to accurately manage information 
in a tank. Thus, more accurate detection on a real time 
basis becomes possible. 

[01 37] In addition, a problem occurs here in that which 
solid semiconductor elements among the plurality of sol- 
id semiconductor elements are used to detect informa- 
tion on the inside of a predetermined container. As an 
example of a method of distinguishing a necessary solid 
semiconductor element out of the plurality of solid sem- 
iconductor elements, there is a case shown in Fig. 32. 
In this case, solid semiconductor elements 542 and 543 
or solid semiconductor elements 544 and 545 commu- 
nicate with each other. As a method of distinguishing the 
solid semiconductor elements, a method of changing 
properties of the solid semiconductor elements for each 
group to communicate under different conditions is pos- 
sible in a case such as the case in which a frequency to 
be detected is changed or an amplitude is changed. 
Since communication is performed under different con- 
ditions by changing a property of a solid for each group 
in this way, it becomes possible to operate for each 
group in response to information from the outside. 
[0138] As another method, if solid semiconductor el- 
ments, all of which have the same properties, are used, 
a method of incorporating identification information (ID) 
in a plurality of solid semiconductor elements before 
they are disposed in a predetermined container to detect 
which solid semiconductor element is used according to 
the identification information is possible. Alternatively, a 
method of inserting solid semiconductor elements be- 
fore they are provided in a predetermined container and 
inputting distinguishing means in the memory in ad- 
vance to distinguish a necessary one out of a plurality 
of solid semiconductor elements based on the informa- 
tion inputted in the memory earlier is also possible. If 
the identification information (ID) is used, when a signal 
for identification information (ID), for example called A, 
is sent from the outside, it is possible that solid semi- 
conductor elements falling into A communicate with 
each other, and as a result, detected environmental in- 
formation is communicated to or displayed on the out- 
side. Alternatively, if a signal for identification informa- 
tion (ID) called B is sent, it is possible that solid semi- 
conductor elements falling into B communicate with 
each other, and detected environmental information is 
communicated to or displayed on the outside. A similar 
method is possible in the case of a memory. 



34 

[0139] In Figs. 32 to 34, a method of detecting a re- 
sidual amount of ink using an attenuation amount of a 
wave form of an electromagnetic wave will be described 
here as an example. In addition, it is assumed that the 
solid semiconductor elements 543, 544 and 545 are em- 
bedded in the ink tank 541 , and the solid semiconductor 
element 542 floats in the ink 547 in the first chamber in 
this example. Fig. 32 shows a state in which a lot of ink 
is still left, Fig. 33 shows a state in which a residual 
amount of the ink is decreasing, and Fig. 34 shows a 
state in which ink residual amount is little and ink is only 
left in a negative pressure chamber, that is, the second 
chamber. First, a relations of wave forms of electromag- 
netic waves of the solid semiconductor elements 542 
and 543 and those of the solid semiconductor elements 
544 and 545 are stored as an initial state. If the ink 547 
in the first chamber decreases compared with the initial 
state as shown in Fig. 33, the solid semiconductor ele- 
ments 542 and 543 approaches. When the elements ap- 
proaches, attenuation of a wave form of an electromag- 
netic wave becomes less. This means that ink is de- 
creasing. This state is effective in finding at random and 
at all times how much residual amount decreases com- 
pared with the initial state. 

[0140] Then, when no ink is left in the first chamber 
as in the state shown in Fig. 34, since there is not factor 
for entering between the solid semiconductor elements 
542 and 543, there is little attenuation amount of an elec- 
tromagnetic wave. Moreover, when no ink is left, in the 
state of Fig. 34 as well, communication is then per- 
formed between the solid semiconductor elements 544 
and 545, and when a liquid level 567 in the negative 
pressure generating member 546 is lowered, both a part 
with ink and a part without ink exist between the solid 
semiconductor elements 564 and 565. Then, a point 
where dispersion of attenuation of a wave form occurs, 
which gradually lowers as the ink becomes less. It be- 
comes possible to detect how much ink is left according 
to the point where dispersion occurs. 
[0141] In addition, what is shown in the lower part of 
Fig. 34 is a diagram showing an example in the case in 
which the ink tank communicates with the outside. First, 
information between elements receiving means 550 re- 
ceives a result of communication between the solid 
semiconductor elements 542 and 543. In this case, the 
solid semiconductor elements are distinguished using 
frequencies, amplitudes, IDs, memories or the like such 
that information of a wrong solid semiconductor ele- 
ments are not received. Then, the result is communicat- 
ed to discriminating and analyzing means 551. Items 
that are required to be communicated to or displayed on 
the outside are communicated to or displayed on the 
outside, and the items of information are stored in the 
information storing means 552. However, it is possible 
to store items of information that have been communi- 
cated to the outside in the information storing means 
552. Then, if communication is performed between the 
solid semiconductor elements 544 and 545, information 
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acquired as a result of the communication is received 
by the information between elements receiving means 
550 as described above. Then, the information received 
by the information between elements receiving means 
550 is communicated to the discriminating and analyz- 
ing means 551, where items of the information is also 
communicated to or displayed on the outside if neces- 
sary, and the other items of the information or items of 
information that have already been communicated to or 
displayed on the outside are also stored in the informa- 
tion storing means 552. Then, the operations are repeat- 
ed, whereby an amount of information stored in the in- 
formation storing means 552 increases, and the infor- 
mation can be communicated to or displayed on the out- 
side. In addition, in some cases, determination and anal- 
ysis are performed among items of stored information, 
or between information newly received and the informa- 
tion stored in the information storing means 552 to com- 
municale a result lo the outside. In Ihis way, a plurality 
of solid semiconductor elements are provided in a pre- 
determined container, communication is performed for 
each group, a state is determined and analyzed each 
time communication is performed, and information is 
stored, whereby information can be acquired each time 
according to the necessity. 

[0142] Figs. 38 : 39A and 39B are flow charts showing 
how information in an ink tank is actually detected in the 
case of the configuration shown in Figs. 32 to 34. 
[0143] First, Fig. 38 is a flow chart showing an exam- 
ple of a method of detecting an ink residual amount. In 
the first place, electromotive force required for detecting 
an ink residual amount is supplied to the solid semicon- 
ductor elements 542 and 543 existing in the first cham- 
ber. Although it is possible to simultaneously supply 
electromotive force to the sol id semico nductor elements 

544 and 545, in this example, electromotive force is first 
supplied to the solid semiconductor element in the first 
chamber for efficiency and in order to prevent a failure 
caused by supplying electricity to a multiplicity of solid 
semiconductor elements at one time. Then, an ink re- 
sidual amount in the first chamber is detected by mutual 
communication of the solid semiconductor elements 
542 and 543 using the supplied electricity. As a result, 
if ink is still left as in the states of Figs. 32 and 33, the 
ink residual amount is communicated to or displayed on 
the outside. To the contrary, if no ink is left in the first 
chamber as shown in Fig. 34, electricity is supplied from 
the outside to the solid semiconductor elements 544 and 

545 in the second chamber. Then, as described above, 
an ink residual amount in the second chamber is detect- 
ed by mutual communication between the solid semi- 
conductor elements 544 and 545 using the supplied 
electricity. As a result, if ink is still left, the residual 
amount is displayed. In addition, since no ink is left in 
the first chamber already, it is communicated to or dis- 
played on the outside that ink is running out. Moreover, 
it is preferable that a warning can be also displayed in- 
dicating, for example, how many recording sheets can 



be printed by remaining ink. To the contrary, if there is 
no ink residual amount, a warning indicating replace- 
ment of an ink tank is displayed, and a state is made 
printable when the replacement is completed. 

5 [0144] Figs. 39A and 39B are flow charts showing an 
example of detecting a state of ink around an ink supply 
port. This will be described with the configurations of 
Figs. 32 to 34 as examples as described above. In ad- 
dition, in this example, detection can be executed even 

10 in an ink tank that has the second chamber only. First, 
a state of ink is detected by mutual communication of 
the solid semiconductor elements 544 and 545 in the 
second chamber when a power source of a main body 
is turned on as shown in Figs. 39A and 39B or when it 

15 is communicated that printing is performed. As a result, 
as shown in Fig. 39A, if there is no anomaly, processing 
advances to a printing process in the case immediately 
after power source is turned on and before printing. 
However, if an anomaly is delected, for example, in the 

20 case in which air entered from an ink supply port, auto- 
matic suction recovery is performed, and processing ad- 
vances to the printing process. In addition, if suction re- 
covery cannot be executed automatically, it is commu- 
nicated to or displayed on the outside that suction re- 

25 covery is executed, and the suction recovery is execut- 
ed and processing advances to the printing process as 
shown in Fig. 39B. In this way, a plurality of solid semi- 
conductor elements are disposed around an ink supply 
port to detect an ink state in the surrounding part and 

30 execute suction recovery according to the necessity, 
whereby operations for suction recovery that has been 
conventionally regularly executed regardless of a state 
of ink can be reduced, and ink does not decrease ex- 
cessively. 

35 [01 45] The method of detecting information on the in- 
side of a tank indicated above is simply one example. 
In this example, environmental detection is performed 
in the first chamber first, and detection is performed us- 
ing the solid semiconductor element in the second 
40 chamber when ink in the first chamber has run out. How- 
ever, it is also possible to simultaneously perform envi- 
ronmental detection in the first chamber and environ- 
mental detection in the second chamber and correct the 
results to perform environmental detection using rela- 
ys tive comparison. 

[0146] In addition, an ink tank 531 shown in Fig. 35 
contains a porous material 532 holding ink, lo which an 
ink jet head 533 that uses the contained ink for recording 
is attached. In the tank 531 with such a configuration, 
50 the solid semiconductor elemetns 534 and 535 of the 
present invention may also be disposed on the ink tank 
side and the ink jet head side, respectively, to exchange 
information on ink inside each divided part. 
[0147] In addition, Figs. 37A and 37B show sectional 
55 views illustrating examples of detecting presence of ink 
using a plurality of solid semiconductor element. 
[0148] Figs. 37 A and 37B show ink tank 571 in which 
only ink is contained and other media such as a sponge 



19 



)CID: <EP 1164024A2J_> 



37 



EP1 164 024 A2 



38 



are not contained at all or a part of the ink tank 571 . Solid 
semiconductor elements 572 and 573 are disposed in 
the ink tank 571 . The solid semiconductor element 572 
floats on a liquid level of ink in the ink tank 571 , and the 
solid semiconductor element 573 is fixed at the deepest 
part of the bottom surface in the ink tank 571 . First, in 
the state in which ink normally exists in the ink tank 571 
as shown in Fig. 37A, the solid semiconductor elements 
572 and 573 do not mutually communicate. However, it 
is possible, for example, to detect a state of ink by the 
solid semiconductor element 572 or 573 alone. When 
an ink residual amount in the ink tank 571 decreases 
and most ink is consumed to reach the state of Fig. 37B, 
since the bottom surface of the ink tank 571 has a slant 
and the solid semiconductor element 573 is fixed in the 
deepest part of the bottom surface, the solid semicon- 
ductor elements 573 and 572 contact each other. Then, 
detection of presence of ink is possible with a method 
of communicating to the outside that the ink has run out 
by the solid semiconductor elements 573 and 572 con- 
tacting each other. That is, it is possible that a new func- 
tion is provided by a plurality of solid semiconductor el- 
ements being combined or contacting each other. 
[0149] As described above, two or more solid semi- 
conductor elements are disposed in an ink tank, and the 
two or more solid semiconductor elements mutually 
communicate, whereby environmental information 
around the solid semiconductor elements is detected 
and the environmental information is communicated to 
or displayed on the outside. Thus, information on ink 
contained in the ink tank, a pressure in the tank or the 
like can be more easily communicated to, for example, 
an ink jet recording apparatus in the outside on a real 
time basis. 

[0150] If two or more solid semiconductor elements 
are disposed in an ink tank in this way, as a method of 
supplying electromotive force from the outside to the 
plurality of solid semiconductor elements, there is a 
method of directly supplying electromotive force from 
the outside to each of the plurality of solid semiconduc- 
tor elements as described above. Alternatively, electro- 
motive force may be first supplied from the outside to a 
main solid semiconductor element among the plurality 
of solid semiconductor elements, and then supplied to 
the other solid semiconductor elements from the main 
solid semiconductor element. 

(Other examples) 

[0151] An example of a configuration of an ink jet re- 
cording apparatus mounted with an ink tank, which is 
provided with the solid semiconductor element of the 
present invention, is schematically shown in Fig. 40. A 
head cartridge 601 mounted on an ink jet recording ap- 
paratus 600 shown in Fig. 40 has a liquid discharge 
head for discharging ink for printing and recording and 
an ink tank, as shown in Figs. 12 to 22, for holding liquid 
supplied to the liquid discharge head. In addition, means 



622 for supplying electromotive force being external en- 
ergy to a cubit semiconductor element disposed in the 
ink tank or means (not shown) for bidirectionally com- 
municating information with the element are disposed 

s in the recording apparatus 600. 

[0152] As shown in Fig. 40, the head cartridge 601 is 
mounted on a carriage 607 that engages in apical 
grooves 606 of a lead screw 605, which rotates via driv- 
ing force transmission gears 603 and 604 in an inter- 
na locking manner with forward and reverse rotations of a 
driving motor 602. The head cartridge 601 is reciprocat- 
ingly moved in the directions of arrows a and b along a 
guide 608 with the carriage 607 by power of the driving 
motor 602. Means for conveying medium for recording 

is information thereon (not shown) is provided in the ink 
jet recording apparatus 600, which conveys a print sheet 
P as a medium for recording information thereon for re- 
ceiving liquid such as ink discharged from the head car- 
tridge 601 . A sheet pressing plate 610, which presses 

20 a print sheet P conveyed on a platen 609 by the means 
for conveying medium for recording information there- 
on , presses the print sheet P against the platen 609 over 
a moving direction of the carriage 607. 
[0153] A photo couplers 611 and 612 are disposed in 

25 the vicinity of one end of the lead screw 605. The photo 
couplers 611 and 612 are home position detecting 
means for confirming existence of a lever 607a of the 
carriage 607 in the areas of the photo couplers 61 1 and 
61 2 to perform switching of the like of a rotational direc- 

30 tion of the driving motor 602. A supporting member 613 
for supporting a cap member 614, wh ich covers the front 
of the head cartridge 601 having a discharge opening, 
is provided in the vicinity of one end of the platen 609. 
In addition, ink absorbing means 615 for absorbing ink 

35 accumulated inside the cap member 61 4 by being vainly 
discharged from the head cartridge 601 is also provided. 
Absorption recovery of the head cartridge 601 is per- 
formed via an opening part of the cap member 614 by 
this ink absorbing member 615. 

40 [0154] A main body supporting body 619 is provided 
in the ink jet recording apparatus 600. A moving member 
61 8 is movably supported in the front and back direction, 
that is, in a perpendicular direction with respect to a 
moving direction of the carriage 607 by the main body 

45 supporting body 61 9. A cleaning blade 61 7 is attached 
to the moving member 61 8. A form of the cleaning blade 
61 7 is not limited to this and may be any publicly known 
cleaning blade of other forms. Moreover, a lever 620 for 
starting absorption in performing absorption recovery 

50 operations by the ink absorbing means 61 5 is provided. 
The lever 620 moves in accordance with the movement 
of a cam 621 engaging with the carriage 607, and driving 
force from the driving motor 602 is controlled by publicly 
known transmitting means such as switching of a clutch. 

55 An ink jet recording control portion is provided on the 
recording apparatus main body side, which gives a sig- 
nal to a heating body provided in the head cartridge 601 
and manages driving control of each of the above-men- 
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tioned mechanisms, and is not shown in Fig. 40. 
[0155] In the ink jet recording apparatus 600 having 
the above-mentioned configuration, the head cartridge 
601 reciprocal ingly moves over the entire width of the 
print sheet P that is conveyed on the platen 609 by the 
means for conveying medium for recording information 
thereon. When a driving signal is supplied from a driving 
signal supplying means (not shown) to the head car- 
tridge 601 at the time of the movement, ink (recording 
liquid) is discharged from a liquid discharge head to a 
medium for recording information thereon according to 
this signal and recording is performed. 
[0156] A preferred specific example in disposing the 
solid semiconductor element of the present invention in 
an ink tank will now be described more in detail. 
[0157] First, information acquiring means applicable 
to the solid semiconductor element of the present inven- 
tion will be described as an example. If the solid semi- 
conductor element disposed in an ink lank is formed in 
a spherical silicon, as the information acquiring means 
described in the above-mentioned example, there are 
(1) a sensor detecting pH of ink, in which an Si0 2 film 
or an SiN film is made as an ion sensitive film, (2) a sen- 
sor for detecting presence of ink from a moisture amount 
in the tank by using a conducting effect of a material, or 
the like. 

[0158] A specific example of energy generating 
means applicable to the solid semiconductor element of 
the present invention will be described next. Fig. 41 il- 
lustrates a theory of generating electricity of energy gen- 
erating means that is an element of the solid semicon- 
ductor element of the present invention. 
[0159] In Fig. 41 , when an electric conductor coil L of 
an oscillating circuit 102 is placed adjacent a coil La of 
an external oscillating circuit 1 01 and an electric current 
1 a is flown to the coil La through the external oscillating 
circuit 101, a magnetic flux B is generated which pene- 
trates the coil L of the oscillating circuit 102 by the cur- 
rent 1 a. Here, since the magnetic flux B penetrating the 
coil L changes when the electric current 1 a is changed, 
inductive electromotive force V is generated in the coil 
L. Therefore, the oscillating circuit 102 as the energy 
generating means is formed in a spherical silicon, and 
the external oscillating circuit 1 01 is disposed in, for ex- 
ample, an ink jet recording apparatus outside the ele- 
ment. Thus, the electric conductor coil L of the oscillating 
circuit 102 on the element side and the coil La of the 
oscillating circuit 101 outside the element are adjacent 
each other, whereby electricity for operating the element 
can be generated by inductive electromotive force by 
electromagnetic induction from the outside. 
[01 60] In addition, the magnetic flux B penetrating the 
coil L with the number of turns N of the oscillating circuit 
102 formed in the spherical silicon as the energy gen- 
erating means is proportional to a product of the number 
of turns Na of the coil La of the external oscillating circuit 
101 and the electric current 1a. Thus, when a propor- 
tional constant is k, the following expression is found: 



B=K*Na*la 

[0161] Electromotive force V generated in the coil L is: 

5 

V=-N{dB/dt} 
=-kNaN{dIa/dt} 
=-M{dIa/dt} 

[01 62] Here, when a magnetic permeability of a mag- 
*5 netic core of the coil is u a and a magnetic field is H, the 
magnetic flux B is: 

B=}i a H(z) 

20 

= {|i a N a I a r a 2 /2(r a 2 + 2 2 ) 3 / 2 } 

[0163] Here, z indicates a distance between the coil 
25 of the external oscillating circuit and the coil formed in 
the spherical silicon. 

[0164] Mutual inductance M of the expression is: 

30 M={ii N/I a pla}/ S B- dS 

= {pp a r a 2 N a NS/2 p 0 (r a 2 +z 2 ) 3 / 2 } 

35 [0165] Here, |i 0 is a magnetic permeability of vacuum. 
[0166] Then, impedance 2 of the oscillating circuit 
formed in the spherical silicon is represented as: 

40 Z(o>)=R-hj{o>L-(1/(oC)} 

and impedance 2a of the external oscillating circuit is: 

45 Za(<o)=Ra+jo)La-{(o 2 M 2 /2(co)} 

Here, J represents magnetization. Impedance Zo at the 
time when this external oscillating circuit oscillates (an 
electric current value 1a is maximum) is: 

50 

Zo ( (o 0 )= Ra+j La co 0 -( <o 0 2 M 2 /R) 



and a phase lag <J> of this oscillating circuit is: 

55 

tan(|)={jLaco 0 -(o) 0 2 M 2 /R)}/R 
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[0167] An oscillating frequency f 0 of this external os- 
cillating circuit can be found by: 

f 0 =1/2Tt(LC) 1/2 

[0168] According to the relation as described above, 
when the impedance of the oscillating circuit 1 02 formed 
in the spherical silicon changes in response to the 
change in the amount of the ink in the ink tank, the fre- 
quency of the external oscillating circuit 1 01 is changed, 
and the above-mentioned change in the amount of the 
ink appears in an amplitude and a phase difference of 
the impedance of the external oscillating circuit 101. 
Moreover, this phase difference and amplitude include 
an ink residual amount (i.e., variation of z) as well: 
[0169] For example, if an oscillating frequency of the 
external oscillating circuit 101 is made variable, an out- 
put (impedance) Irom the oscillating circuit 102 formed 
in the spherical silicon changes in response to environ- 
mental changes of the surrounding. Thus, presence of 
ink or the ink residual amount can be detected by de- 
tecting this dependency on frequency. 
[0170] Therefore, an oscillating circuit to be formed in 
a spherical silicon can be used not only as an energy 
generating means for generating electricity but also as 
a part of means for detecting changes in the amount of 
ink in a tank according to a relation between the oscil- 
lating circuit and an external oscillating circuit. 
[0171] Incidentally, the element 11 may be floated on 
a liquid leveUof ink. Such an element 11 floating on a 
liquid level of ink will be hereinafter described together 
with a method of manufacturing the same. 
[0172] Figs. 45A to 45G are views showing a series 
of steps for illustrating an example of a method of man- 
ufacturing a solid semiconductor element 11 of afloating 
type using a spherical silicon that becomes a base of 
the above-mentioned ball semiconductor. Further, in 
Figs. 45A to 45G, each step is shown by a cross section 
through the center of the spherical silicon. In addition, a 
manufacturing method is described as an example, 
which creates the spherical silicon such that a center of 
gravity is in a part lower than the center and an upper 
part inside the sphere is made hollow, and further the 
hollow part Is held in a hermetic state. 
[0173] First, as shown in Fig. 45C, a thermally oxi- 
dized Si0 2 film 202 is formed on the entire surface of a 
spherical silicon 201 shown in Fig. 45A. Thereafter, in 
order to form an opening 203 in a part of the Si0 2 film 
202 as shown in Figs. 45A to 45G, patterning is per- 
formed using a photolithography process. 
[0174] Then, as shown in Fig. 45D, an upper half of 
the spherical silicon 201 is removed by anisotropic etch- 
ing using a KOH solution through the opening 203, and 
a hollow part 204 is formed. Thereafter, as shown in Fig. 
45E, the entire exposed surfaces of the spherical silicon 
201 and the Si0 2 film 202 including the internal surface 
of the hollow part 204 are coated with an SiN film 205 



using an LPCVD method. 

[0175] Moreover, as shown in Fig. 45F, a Cu film 206 
s formed on the external surface of the SiN film 205 us- 
ing a metal CVD method. Then, as shown in Fig. 45G. 
the Cu film 206 is patterned using the well-known pho- 
tolithography process, and the electric conductor coil L 
being a part of the oscillating circuit 102 is formed with 
the number of turns N. Thereafter, the solid semicon- 
ductor element, in which the electric conductor coil L is 
formed : is forced out into the air from a vacuum appa- 
ratus, the opening 203 in the upper part is plugged by a 
sealing member 207 such as resin or a plug, and the 
hollow part 204 inside the sphere is placed in a closed 
state. If the element is manufactured in this way, the el- 
ement itself formed of silicon can be given buoyance 
force. 

(Stabilization of a floating type solid semiconductor 
element on a liquid level) 

[01 76] If a solid semiconductor element is configured 
to have a hollow part, and supply of electricity to the solid 
semiconductor element is performed by the above-men- 
tioned oscillating circuit and external oscillating circuit, 
a stable magnetic flux (magnetic field) is required to 
work between the oscillating circuit formed in the ele- 
ment and the external oscillating circuit in the outside, 
whatever state an ink tank is placed. That is, the direc- 
tion of the element with respect to the external oscillating 
circuit is required to be stable. However, if the element 
is floating in liquid such as ink, the liquid level may be 
oscillated by external oscillation to vary the direction of 
the element. Even in such a case, the center of gravity 
of a floating type solid semiconductor element is deter- 
mined as follows such that the element holds a stable 
posture in the liquid. 

[0177] As shown in Figs. 46A and 46B, if a solid sem- 
iconductor element 21 0 formed as a sphere is floated in 
liquid, the following relations are required to be realized 
such that the solid semiconductor element 210 is in a 
balanced state as shown in Fig. 46A: 

(1 ) Buoyance force F = Weight W of an object, and 

(2) A line of action of buoyance force and a line of 
action of weight (a line passing through a center of 
gravity G) coincide with each other. 

[0178] Then, as shown in Fig. 46B, when liquid oscil- 
lates by an external force and the solid semiconductor 
element 210 slants from the balanced state, the center 
C of buoyance force moves and the buoyance force and 
the weight make a couple. 

[0179] Here, an intersection of a line of action of 
weight in a balanced state (an alternate long and short 
dash line in Fig. 46B) and a line of action of buoyance 
force when slanted (a solid line in Fig. 46B) is referred 
to as a meta-center (MC). A distance h between the me- 
ta-center and the center of gravity G is referred to as a 
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height of the meta-center. Further, a symbol V in the fig- 
. ure denotes a liquid level of ink. 
[01 80] The meta-center of the solid semiconductor el- 
ement 21 0 is in a position higher than the center of grav- 
ity G : whereby the couple (restoring force) acts in the 
direction of returning the solid semiconductor element 
to the original balanced position. This restoring force T 
is represented as: 

s T=Whsin8=Fhsin9 
=pgVhsin0 (>0) 

Here. V is a volume of liquid removed by the solid sem- 
iconductor element 210, and pg is a specific weight of 
the solid semiconductor element 210. 
[0181] Thus, in order lo make this restoring force T 
positive, h>0 is a necessary and sufficient condition. 
[0182] Then, from Fig. 46B : the following expression 
is found: 

h=(l/V)-CG 

[0183] Here : I is an inertia moment around an O axis. 
Thus, 

(l/V)>CG 

is a necessary and sufficient condition for the solid sem- 
iconductor element 21 0 steadily floating in ink, and sup- 
plying inductive electromotive force from an external os- 
cillating circuit and bidirectionally communicating with 
communicating means outside the element. 
[0184] In order to manufacture a driving circuit of such 
a solid semiconductor element, an N-MOS circuit ele- 
ment is used. Fig. 42 shows a schematic sectional view 
of an N-MOS circuit element that is cut vertically. 
[0185] According to Fig. 42, a P-Mos 450 is formed in 
an N-type well region 402 and an N-Mos 451 is formed 
in a P-type well region 403 by introduction and diffusion 
of an impurity such as ion implantation using a general 
Mos process in an Si substrale 401 of a P electric con- 
ductor. The P-Mos 450 and the N-Mos 451 are respec- 
tively composed of, via a gate insulation film 408 of a 
thickness of several hundred angstroms, a gate wiring 
415 by poly-Si appplied by a CVD method in the thick- 
ness of 4,000 angstroms or more to 5,000 angstroms or 
less and a source region 405, a drain region 406 or the 
like to which an N-type or P-type impurity is introduced. 
A C-Mos logic is formed of the P-Mos 450 and the N- 
Mos451. 

[0186] An N-Mos transistor 301 for driving an element 
is composed of a drain region 41 1 , a source region 41 2, 
a gate wiring 413 and the like on the P-type well sub- 



strate 403 also by the steps of introduction, diffusion or 
the like of an impurity. 

[0187] Here, if the N-Mos transistor 301 is used as an 
element driver, a distance L between drain gates form- 

5 ing one transistor is approximately 10 urn at the mini- 
mum. A part of the distance L of 10 um is a width of a 
contact 417 between a source and a drain, which is 2 x 
2 um. However, since a half of the width is shared with 
a neighboring transistor, an actual width is 2 um. The 

10 distance L also consists of 4 u.m that is 2 x 2 \xm equiv- 
alent to a distance between the contact 41 7 and the gate 
413 and 4 ujti that is a width of the gate 413. These 
make the total distance 10 ujti. 

[0188] An oxide film separating region 453 is formed 

15 by field oxidation of the thickness ol 5,000 angstroms or 
more to 10,000 angstroms or less between each ele- 
ment, and the element is separated. This field oxide film 
acts as a heat reserve layer 414 of the first layer. 
[01 89] After each element is formed, a layer insulating 

20 film 41 6 is formed of a PSG film, a BPSG film or the like 
by the CVD method in the thickness of approximately 
7,000 angstroms, and is subject to a leveling processing 
or the like by thermal processing. Then, wiring is set to 
the layer insulating film 416 by an Al electrode 417 to 

25 be a first wiring layer via a contact hole. Thereafter, a 
layer insulating film 418 of an Si0 2 film or the like by the 
plasm CVD method is deposited in the thickness of 
1 0,000 angstroms or more to 1 5,000 angstroms or less 
to further form a through hole. 

30 [0190] The N-Mos circuit is formed as described 
above, and is connected to an oscillating circuit as the 
energy generating means of the present invention, a 
sensorportion as the information acquiring means orthe 
like via the above-mentioned through hole. 

35 [0191] As a method of bidirectionally communicating 
with an external communicating means of the solid sem- 
iconductor element formed as described above, an wire- 
less LAN system using a microwave band frequency or 
a wireless access system utilizing a submillimeter wave/ 

40 millimeter wave band frequency can be applied. 

[01 92] An outline of transmission and reception by the 
wireless LAN system will now be described. Data trans- 
mission from a solid semiconductor element to a record- 
ing apparatus will be described below. Further, if data is 

45 transmitted from the recording apparatus side to the sol- 
id semiconductor element to the contrary, a data ID is 
given lo each side, and a transmitting side and a receiv- 
ing side are determined by the IDs. 
[01 93] The solid semiconductor element on the trans- 

50 mission side has a line monitoring portion, a data han- 
dling portion, an acknowledge checking portion and an 
error processing portion. The recording apparatus on 
the receiving side is provided with a data handling por- 
tion, an acknowledging portion, an error processing por- 

55 tion, a display portion and the like. 

[01 94] Fig. 43 shows a flow chart of operations in the 
solid semiconductor element on the transmission side. 
When data transmission is executed, an initial setting is 
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performed and then an address on the receiving side is 
set by a defined transmission protocol to transmit data. 
If a collision of signals occurs during transmission or an 
acknowledgment is not returned from a designated ap- 
paratus on the receiving side, the data is transmitted 
again. During an operation, a state of a line or presence 
of an acknowledgment is displayed on the display por- 
tion provided in the recording apparatus on the receiving 
side to urge a user to make an appropriate determina- 
tion. 

[0195] Fig. 44 shows a flow chart of operations in the 
recording apparatus on the receiving side. In this receiv- 
ing side, the recording apparatus always monitors a line 
and, when confirming its own address, takes in data 
from a line and accumulatethe data in a buffer on a main 
memory. During reception, if a block mark for each 16 
bites cannot be confirmed or a check sum does not 
match in an error detection processing after completing 
the reception, the recording apparatus determines Lhal 
a reception error has occurred to stop the reception and 
monitors the line again to wait for arrival of a header. If 
the reception is finished without an error, the recording 
apparatus displays received contents on the display 
portion. 

[0196] In the solid semiconductor element of the ex- 
ample as described above, electromagnetic induction 
by a coil is used as external energy for supplying elec- 
tricity for activating the element. However, light may be 
used as the external energy. When contrast of the light 
is converted into an electric signal, electricity can be 
generated by a photoconductive effect using a material 
whose resistance value changes by irradiation of light 
(e.g., photoconductor). As a photoconductor, for exam- 
ple, a binary alloy/a ternary alloy such as CdS, InSb, 
Hg o a Cd 0 2 Te or the like, GaAs, Si, Va-Si or the like are 
used. Moreover, if heat is used as electromotive force, 
electricity can be generated from radiant energy of a ma- 
terial by a quantum effect. 

[0197] Further, an exterior of the ink jet recording ap- 
paratus is not shown in this example. However, if a 
translucent cover is used through which a state of the 
inside is visible and a translucent ink tank is used, a user 
can see light in the tank. Thus, the user can easily rec- 
ognize that "replacement of a tank is required" and is 
urged to replace the tank. (Conventionally, although a 
button on an apparatus main body flashes, since the 
butlon performs several display functions, it is difficult 
for a user to know what the flashing button means.) 
[0198] As described above, according to the present 
invention, a solid semiconductor element is embedded 
in an outer wall or an inner wall of an ink tank to be ex- 
posed from the outer wall or the inner wall such that it 
contacts ink, which is provided with acquiring means for 
acquiring environmental information, information stor- 
ing means, discriminating means for comparing ac- 
quired information and stored information to make a de- 
termination and information communicating means for 
displaying the acquired information or communicating 



the acquired information to the outside. Thus, a state of 
the ink can be simply and accurately grasped on a real 
time basis. In addition, if the solid semiconductor ele- 
ment is exposed to the outside of the ink tank and an 

5 electric contact is disposed in an exposed part, since 
there is nothing to block the element, ink information can 
be communicated efficiently. Moreover, the solid semi- 
conductor element can supply its operation energy or 
exchange signals in a non-contact state or in connection 

10 with a terminal that is directly provided in a supporting 
portion or the like of the ink tank. Thus, the solid semi- 
conductor element can acquire information such as an 
ink residual amount efficiently and communicate it to the 
outside with a simple configuration without drawing 

'5 around wiring. In doing so, the information acquiring 
means can be preferably provided in a part exposed 
from the outer wall or the inner wall to a side contacting 
the ink of the solid semiconductor element such that in- 
formation in the ink tank can be acquired. 

20 [0199] Moreover, the solid semiconductor element is 
provided with communicating means for receiving a sig- 
nal from the outside and acquires information in re- 
sponse to a received signal to communicate a result of 
comparison of the acquired information with stored in- 

25 formation to the outside together with the acquired in- 
formation. Thus, it is also possible to bidirectionally ex- 
change signals with an external apparatus. 
[0200] For example, if activation energy of the ele- 
ment is used as electricity, an electric conductor coil of 

30 an oscillating circuit is formed as external energy con- 
verting means to be wound around the external surface 
of the solid semiconductor element. Thus, electricity is 
generated in the electric conductor coil by electromag- 
netic induction between the coil and the external oscil- 

35 lating circuit, whereby the supply of operation energy in 
a non-contact state can be executed. 
[0201] In this case, since the coil is wound around the 
external surface of the element, a magnitude of the in- 
ductance of the coil changes in response to, for exam- 

40 pie, a residual amount of ink, an ink concentration and 
ink pH in the ink tank. Therefore, since the oscillating 
circuit changes an oscillating frequency in response to 
the change in the inductance, it is possible to detect the 
residual amount of ink in the ink tank based on variations 

-*5 of the oscillating frequency to be changed. 

[0202] As described above, with the communicating 
method of the present invention, a plurality of solid sem- 
iconductor elements are disposed in a predetermined 
container, and in communicating with a plurality of 

so groups of elements with two or more solid semiconduc- 
tor elements among the plurality of solid semiconductor 
elements in the predetermined container forming one 
group, communication is performed with a communica- 
tion condition different for each of the groups of ele- 

55 rnents. Thus, it becomes possible to efficiently discrim- 
inate or select a pair of elements among a plurality of 
pairs of elements, or to perform communication and 
control among the elements. Alternatively, each of the 
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plurality of solid semiconductor elements provided in the 
predetermined container has information for distinction 
or a memory, and communication is performed by rec- 
ognizing the information for distinction or distinguishing 
information by the memory. Thus, it also becomes pos- 
sible to efficiently discriminate or select a pair of ele- 
ments among a plurality of pairs of elements, or to per- 
form communication and control among the elements. 
[0203] In addition, with the ink tank of the present in- 
vention, two or more solid semiconductor elements are 
disposed in the ink tank, and environmental information 
around the solid semiconductor elements is detected by 
mutually communicating between the two or more solid 
semiconductor elements to communicate the environ- 
mental information to the outside or display the environ- 
mental information. Thus, it becomes easy to commu- 
nicate information on ink contained in the ink tank, a 
pressure in the tank or the like to, for example, an ink 
jet recording apparatus in the outside on a real lime ba- 
sis. This is advantageous in, for example, controlling an 
amount of negative pressure in the tank which changes 
every moment in accordance with ink consumption to 
stabilize ink jet discharge. 

[0204] Moreover, since the ink tank has a configura- 
tion for supplying, in a non-contact state, external ener- 
gy for operating an solid semiconductor element, it is 
not necessary to cause the ink tank have an energy 
source for activating the element or connecting wiring 
for supplying energy to the element. Thus, the ink tank 
can be used in a part where it is difficult to set wiring 
directly to the outside. 

[0205] For example, if activation energy of the ele- 
ment is used as electricity, an electric conductor coil of 
an oscillating circuit is formed as external energy con- 
verting means to be wound around the external surface 
of the solid semiconductor element. Thus, electricity is 
generated in the electric conductor coil by electromag- 
netic induction between the coil and the external oscil- 
lating circuit, whereby the supply of operation energy in 
a non-contact state can be executed. 
[0206] In this case, since the coil is wound around the 
external surface of the element, a magnitude of the in- 
ductance of the coil changes in response to, for exam- 
ple, a residual amount of ink, an ink concentration and 
ink pH in the ink tank. Therefore, since the oscillating 
circuit changes an oscillating frequency in response to 
the change in the induclance, il is possible to detect the 
residual amount of ink in the ink tank based on variations 
of the oscillating frequency to be changed. 
[0207] In addition, the solid semiconductor element 
has a hollow part for floating in liquid, and is formed so , 
that the center of gravity of the element is positioned 
lower than the center of the element. Thus, for example, 
even if the recording head and the ink tank amounted 
on then ink jet recording apparatus operate serially and 
ink in the ink tank rocks up and down or left and right, 
the solid semiconductor element can accurately detect 
information on the ink or a pressure in the tank while 



steadily floating in the ink in the ink tank. Moreover the 
solid semiconductor element holds the above-men- 
tioned coil of the oscillating circuit formed in the element 
in a stable position with respect to the coil of the external 
5 oscillating circuit/thereby also allowing stable bidirec- 
tional communication at all times. 
[0208] Further, detection concerning a type of ink ac- 
cumulated in an ink tank will now be described as an 
example of a configuration utilizing the solid semicon- 

10 ductor element described above. 

[0209] Fig. 47 is a block diagram illustrating an inter- 
nal configuration and exchanges of information with the 
outside of an solid semiconductor element according to 
an embodiment of the present invention. A solid semi- 

15 conductor element 91 of a form shown in this figure is 
provided with energy converting means 94 for convert- 
ing electromotive force 92 being external energy sup- 
plied from the outside A toward the element 91 in a non- 
conlacl state into electricity 93 and light emitting means 

20 95 for emitting light using the electricity acquired by the 
energy converting means 94, and is disposed in ink con- 
tained in an inktank.The light emitting means 95 is com- 
posed of a photodiode or the like. 
[0210] Further, as electromotive force to be supplied 

25 for operating the element, electromagnetic induction, 
heat, light, radiation or the like can be applied. In addi- 
tion, the energy converting means 94 and the light emit- 
ting means 95 are preferably formed on the surface of 
the element or in the vicinity of the surface. 

30 [0211] With such a form, when the electromotive force 
92 is given from the outside A toward the element 91 , 
the energy converting means 94 converts the electro- 
motive force 92 into the electricity 93, and the light emit- 
ting means 95 emits light 96 using the electricity 93. In- 

35 tensity of the light 96 emitted from the light emitting 
means 95 is detected by the outside B. 
[0212] In addition, as a method of supplying external 
energy, it is sufficient to provide means for supplying 
electromotive force to the element as external energy in 

40 a recovery position, a return position, a carriage, a re- 
cording head or the like if it is used in an ink jet recording 
apparatus. Besides, if an apparatus having means for 
supplying electromotive force is used, a state inside an 
ink tank can be found without an ink jet recording appa- 

45 ratus, and if it is used, for example, in a factory or a sales 
shop, it can be used for inspection or the like (guarantee 
of quality). 

[0213] Fig. 48 is a schematic view of an ink tank using 
the solid semiconductor element of the present inven- 

50 tion. A solid semiconductor element 1526 shown in this 
figure floats in the vicinity of a liquid level of raw ink 1 522 
in an ink tank 1521 . Electromotive force due to electro- 
magnetic induction is induced by an external oscillating 
circuit (not shown) outside the ink tank 1 521 , and a pho- 

55 todiode disposed in the vicinity of the surface of the solid 
semiconductor element 1 526 is driven, whereby the sol- 
id semiconductor element 1526 emits light. The light 
penetrates through the ink 1522 and received by an op- 
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tical sensor 1550 outside the ink tank 1521 . 
[0214] Fig. 49 shows absorption wave lengths of rep- 
resentative ink (yellow, magenta., cyan and black). As it 
is seen from Fig. 49. ink of each color of yellow, magen- 
ta, cyan and black has a peak of an absorption coeffi- 5 
cient dispersed in wavelength bands of 300 to 700 nm. 
Xhe peak of an absorption coefficient of each color ink 
is approximately 390 nm for yellow, approximately 500 
nm for magenta, approximately 590 nm for black and 
approximately 620 nm for cyan. ™ 
Therefore, light including a wavelength in the range of 
300 to 700 nm is emitted from an solid semiconductor 
element, caused to penetrate through the ink and re- 
ceived by the optica! sensor 550 (see Fig. 40) in the out- 
side of the ink tank to detect which wavelength of light *5 
is absorbed most. Thus, it is possible to determine which 
color among the above-mentioned colors is a color of 
the ink through which the light penetrates. 
[0215] In addition, as il is seen from Fig. 49, the ink 
of each color of yellow, magenta, cyan and black has a 20 
clearly different absorption coefficient each other in the 
wave length of 500 nm. The absorption coefficient of the 
ink of each color in the wave length of 500 nm is approx- 
imately 80% for magenta, approximately 50% for black, 
approximately 20% for yellow and approximately 5% for 25 
cyan. Therefore, it is possible to determine, concerning 
the light with the wave length of 500 nm, which color 
among the above-mentioned colors is a color of the ink 
through which the light penetrates by detecting a ratio 
of an intensity of the light penetrating through the ink 30 
with respect to an intensity of the light emitted by the 
solid semiconductor element. 

[021 6] Further, in any of the above-mentioned cases, 
it is possible to dispose one kind of solid semiconductor 
element in different ink tanks, respectively, to discrimi- 35 
nate a plurality of ink types. 

[0217] In addition, in an ink jet recording apparatus 
that is configured such that each of a plurality of ink 
tanks is mounted in a predetermined position in accord- 
ance with a type of ink contained in each ink tank, means 40 
may be provided which gives warning to a user when 
the optical sensor 550 that receives light penetrating 
through ink in the ink tank detects that an ink tank is 
mounted in an inappropriate position. As the warning 
means in this case, light emitting means such as a lamp, ^5 
sounding means such as a buzzer, or the like can be 
used. The user can learn that the ink lank is mounted in 
a wrong position by the warning given by the warning 
means, and can mount the ink tank in an appropriate 
position again. 50 
[021 8] Alternatively, in such an ink jet recording appa- 
ratus, controlling means may be provided which controls 
a recording head, to which ink is supplied from a mount- 
ed ink tank, according to the type of the ink when it is 
detected that the ink tank is mounted in an inappropriate 55 
position by an optical sensor receiving light that pene- 
trates through the ink in the ink tank. With this controlling 
means, since appropriate image recording is automati- 



cally performed even if a user mounts an ink tank in a 
wrong position, the user is not required to pay special 
attention to a mounting position of an ink tank. 
[0219] As described above, in the present invention, 
an solid semiconductor element has energy converting 
means for converting energy from the outside into en- 
ergy of a different type and light emitting means for emit- 
ting light by the energy converted by the energy convert- 
ing means. Thus, it is possible to cause light emitted 
from the solid semiconductor element to penetrate 
through ink and detect an intensity of the penetrating 
light in a certain wave length, thereby discriminating the 
type of the ink. 

[0220] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof except as defined in the append- 
ed claims. 

[0221] An ink tank is provided which can efficiently 
perform detection of information in an ink tank such as 
an ink residual amount in the ink tank with a simple con- 
figuration in which it is unnecessary to set wiring or the 
like. A solid semiconductor element, which is provided 
with an acquiring unit for acquiring environmental infor- 
mation of the outside, an information storing unit, a dis- 
criminating unit for comparing acquired information and 
stored information to make a determination, and an in- 
formation communicating unit for displaying the ac- 
quired information or communicating the acquired infor- 
mation to the outside, is embedded in an outer wall of 
an ink tank such that the solid semiconductor element 
is exposed to an internal side and an external side of 
the ink tank from the outer wall. The solid semiconductor 
element can perform supply of its operation energy or 
exchanges of signals in a non-contact state or by con- 
necting with a terminal provided in a supporting portion 
or the like of the ink tank directly, thus, it is u nnecessary 
to set wiring. In this case, the information acquiring 
means can be preferably disposed in the part of the solid 
semiconductor element exposed to the inside of the ink 
tank. 



Claims 

1. An ink tank for holding ink, which is supplied to a 
recording head for recording information by apply- 
ing the ink on a medium for recording information 
thereon, in an ink containing chamber substantially 
surrounded by a wall, wherein 

said ink tank includes a solid semiconductor 
element, comprising: 

information acquiring means for acquiring en- 
vironmental information of the outside; 
information storing means for storing informa- 
tion to be compared with the information ac- 
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quired by said information acquiring means; 
discriminating means for comparing the infor- 
mation acquired by said information acquiring 
means and information stored in said informa- 
tion storing means, which corresponds to the 
acquired information, to determine the neces- 
sity of communicating information; and 
information communicating means for display- 
ing the information acquired by said information 
acquiring means or communicating the infor- 
» mation to the outside if said discriminating 
t means determines that it is necessary to com- 
municate information, and wherein 
i said solid semiconductor element is embedded 
in said wall such that a part of said solid semi- 
conductor element is exposed from a side of 
said wall contacting the ink, and said informa- 
tion acquiring means is disposed in the ex- 
posed part. 

2. An ink tank according to claim 1 , wherein 

said solid semiconductor element is exposed 
from both sides of said wall. 

3. An ink tank according to claim 2, wherein 

said wall is an outer wall forming a contour of 
said ink tank and has an electric contact in a part of 
said solid semiconductor element exposed to the 
outside. 

4. An ink tank according to claim 2 ; wherein 

said wall is an outer wall forming a contour of 
said ink tank, and said information communicating 
means is disposed in a part of said solid semicon- 
ductor element exposed to the outside. 

5. An ink tank according to claim 4, wherein 

said solid semiconductor element is disposed 
such that said information acquiring means can be 
seen from the outside, and said information acquir- 
ing means communicates information to the outside 
with a visually recognizable method. 

6. An ink tank according to claim 2, wherein 

said wall is an inner wall dividing the inside of 
said ink tank into a plurality of ink containing cham- 
bers, and said information acquiring means is inde- 
pendently disposed in parts of said solid semicon- 
ductor element exposed from one side and the oth- 
er side of said inner wall, respectively. 

7. An ink tank according to claim 1 , including a first 
solid semiconductor element having a part exposed 
from one side of said wall and a second solid sem- 
iconductor element having a part exposed from the 
other side of said wall, wherein 

said first solid semiconductor element and 
said second solid semiconductor element commu- 



nicate information between them. 

8. An ink tank according to claim 1 , wherein a plurality 
of said solid semiconductor elements are disposed 

5 in a plurality of parts on said wall. 

9. An ink tank according to claim 8 : wherein 

said plurality of solid semiconductor elements 
communicate information by signals of different f re- 
10 quencies. 

10. An ink tank according to claim 8, wherein 

said plurality of solid semiconductor element 
communicate predetermined signals, which are as- 
'5 signed to each of them, together with said acquired 
information. 

11. An ink tank according to claim 1 , wherein 

said solid semiconductor element further 
20 comprising: 

receiving means for receiving a signal from the 
outside, wherein 

environmental information inside said ink con- 
25 taining chambers is acquired by said informa- 

tion acquiring means in response to the signal 
received by said receiving means. 

12. An ink tank according claim 11, wherein 

30 said wall is an outer wall forming a contour, 

and said receiving means is disposed in a part of 
said solid semiconductor element exposed to the 
outside from said outer wall. 

35 13. An ink tank according to claim 1 , wherein 

said solid semiconductor element further com- 
prises energy converting means for converting 
energy from the outside into energy of a differ- 

-*o ent kind, wherein 

said information acquiring means, said infor- 
mation storing means, said discriminating 
means and said information communicating 
means are activated by the energy converted 

45 by said energy converting means. 

14. An ink tank according to claim 13. wherein 

said wall is an outer wall forming a contour, 
and said energy converting means is disposed in a 
50 part of said solid semiconductor element exposed 
to the outside from said outer wall. 

15. An ink tank according to claim 13. wherein 

said energy converting means has an electric 
55 conductor coil for generating electricity by electro- 
magnetic induction between the electric conductor 
coil and an external oscillating circuit and an oscil- 
lating circuit. 
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16. A recording apparatus including an ink tank accord- 
ing to any one of claims 1 to 15. 

17. A recording apparatus according to claim 16. com- 
prising means for supplying an electromotive force 5 
to said solid semiconductor element in said ink tank 

as external energy to be converted by said energy 
converting means. 

18. A recording apparatus according to claim 17, 10 
wherein 

said electromotive force is electromagnetic in- 
duction, heat, light or radiation. 

19. A recording apparatus according to claim 16, further *5 
comprising means for receiving a signal communi- 
cated from said solid semiconductor element. 

20. A method of communicating wilh a plurality of 
groups of elements with two or more solid semicon- 20 
ductor elements among a plurality of solid semicon- 
ductor elements disposed in a predetermined con- 
tainer forming one group, wherein said plurality of 
solid semiconductor elements comprising: 

25 

information acquiring means for acquiring infor- 
mation; 

information communicating means for display- 
ing or communicating the information acquired 
by said information acquiring means; and 30 
energy converting means for converting energy 
given from the outside into energy of a kind for 
operating said information acquiring means 
and said information communicating means, 
which is different from said energy given from 35 
the outside, wherein communication is per- 
formed with a communication condition differ- 
ent for each of said groups of elements. 

21. A communication method according to claim 20, 
wherein said solid semiconductor elements com- 
prise: 



wherein 

each of said solid semiconductor elements 
has information for distinction or a memory, and 
communication is performed by recognizing said in- 
formation for distinction or distinguishing informa- 
tion by said memory. 

23. An ink tank for containing ink, wherein 

said ink tank includes two or more solid sem- 
iconductor elements, comprising: 

energy converting means for converting energy 
given from the outside into energy of a different 
kind; 

receiving means for receiving a signal the out- 
side; 

information storing means for storing informa- 
tion; and 

information communicaling means for display- 
ing the information of said information storing 
means or communicating the information in re- 
sponse to the signal received by said receiving 
means, wherein 

said receiving means, said information storing 
means, and said information communicating 
means have two or more solid semiconductor 
elements that are activated by the energy con- 
verted by said energy converting means, and 
wherein 

said two or more solid semiconductor elements 
have a function of detecting environmental in- 
formation of the surrounding of said solid sem- 
iconductor elements to communicate said en- 
vironmental information to the outside or dis- 
play said environmental information by commu- 
nicating with each other. 

24. An ink tank according to claim 23, wherein said solid 
semiconductor element comprises: 

information acquiring means for further acquir- 
ing environmental information of the outside; 
information storing means for storing informa- 
tion to be compared with the information ac- 
quired by said information acquiring means; 
and 

discriminating means for comparing informa- 
tion acquired by said information acquiring 
means and the information stored in said infor- 
mation storing means to determine the neces- 
sity of communicating information, wherein 
said information communicating means dis- 
plays or communicates the information ac- 
quired by said information acquiring means on 
or to the outside if said discriminating means 
determines that it is necessary to communicate 
information. 



discriminating means for making determination 
based on the information acquired from said in- ^5 
formation acquiring means and a data table 
stored in advance; and 

information communicating means for display- 
ing or communicating information determined 
by said discriminating means, wherein so 
said energy converting means converts energy 
given from the outside into energy of a kind for 
operating said information acquiring means, 
said discriminating means and said information 
communicating means, which is different from 55 
said energy given from the outside. 

22. A communication method according to claim 20, 
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25. An ink tank according to claim 23, wherein 

said information communicating means of 
said solid semiconductor element also displays or 
communicate the information on or to the other solid 
semiconductor elements. 

26. An ink tank according to claim 23, wherein 

said receiving means of said solid semicon- 
ductor element also receives signals from other sol- 
id semiconductor elements. 

27. An ink tank according to claim 23, wherein 

at least one of said two or more solid semi- 
conductor elements has a function of giving an elec- 
tromotive force to other solid semiconductor ele- 
ments. 

28. An ink tank according to claim 23, wherein 

external energy to be converted by said ener- 
gy convening means of said solid semiconductor el- 
ement is supplied in a non-contact state. 

29. An ink tank according to claim 23, wherein 

energy converted by said energy converting 
means of said solid semiconductor element is elec- 
tricity. 

30. An ink tank according to claim 29, wherein 

said information communicating means of 
said solid semiconductor element converts the 
electricity converted by said energy converting 
means into an electric field, light, a shape, a color, 
an electric wave or sound that is energy for display- 
ing information or communicating information to the 
outside. 

31. An ink tank according to claim 29, wherein 

external energy to be converted into electricity 
by said energy converting means of said solid sem- 
iconductor element is electromotive force by elec- 
tromagnetic induction, heat, light or radiation. 

32. An ink tank according to claim 23, wherein 

said energy converting means of said solid 
semiconductor element has an electric conductor 
coil for generating electricity by electromagnetic in- 
duction between said electric conductor coil and an 
external oscillating circuit and an oscillating circuit. 

33. An ink tank according to claim 32, wherein 

said electric conductor coil of said solid sem- 
iconductor element is formed to be wound around 
an external surface of said solid semiconductor el- 
ement. 

34. An ink tank according to claim 23, wherein 

said solid semiconductor element further 
comprises buoyance force generating means for 



generating buoyance force using the energy con- 
verted by said energy converting means. 

35. An ink tank according to claim 34. wherein said solid 
5 semiconductor element has a hollow part for float- 
ing in a predetermined position on a liquid level or 
in liquid. 

36. An ink tank according to claim 35 : wherein 

f 0 a center of gravity of said solid semiconductor 

element floating in liquid is positioned lower than the 
center of said element and said solid semiconductor 
element stably rocks without rotating in the liquid in 
which said solid semiconductor element floats. 

75 

37. An ink tank according to claim 36. wherein 

a meta-center of said solid semiconductor el- 
ement is always in a part higher than the center of 
gravity of said solid semiconductor element. 

20 

38. An ink tank according to claim 23 : wherein 

said two or more solid semiconductor ele- 
ments are in contact with ink in said ink tank in some 
cases or in non-contact with said ink in other cases. 

25 

39. An ink tank according to claim 23 : wherein 

said two or more solid semiconductor ele- 
ments have a function of moving on an ink liquid 
level, through an injection port and in ink by receiv- 
30 ing energy and a signal from the outside. 

40. An ink tank according to claim 23 : wherein 

at least one of said two or more solid semi- 
conductor elements has a function of moving in said 
35 ink tank, and the other solid semiconductor ele- 
ments are fixed to a negative pressure chamber 
containing a negative pressure generating member 
for generating a negative pressure in liquid in said 
ink tank or to a bottom surface of said ink tank. 

40 

41 . An ink tank according to claim 23 : wherein 

said two or more solid semiconductor ele- 
ments are in a state for always performing commu- 
nication between solid semiconductor elements or 
45 in a state for performing communication between 
solid semiconductor elements according to neces- 
sity. 

An ink tank according to claim 23. wherein 

said two or more solid semiconductor ele- 
ments can also be combined with each other, 
whereby said solid semiconductorelements have a 
new function. 

55 43. An ink jet recording apparatus mounted with said 
ink tank according to any one of claims 23 to 42. 

44. An ink jet recording apparatus according to claim 



42. 

50 
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43, comprising means for supplying an electromo- 
tive force to said solid semiconductor element in 
said ink tank as external energy to be converted by 
said energy converting means. 

5 

45. An ink jet recording apparatus according to claim 

44, wherein 

said electromotive force is electromagnetic in- 
duction, heat, light or radiation. 

10 

46. An ink jet recording apparatus according to claim 

45, wherein 

when said electromotive force is supplied to 
said plurality of solid semiconductor elements, said 
electromotive force is first supplied to a main solid *5 
semiconductor element among said two or more 
solid semiconductor elements from the outside and 
to the other solid semiconductor elements from said 
main solid semiconductor element, or said electro- 
motive force is supplied to said plurality of solid 20 
semiconductor elements directly from the outside. 

47. An ink jet recording apparatus according to claim 
43, further comprising: 

means for receiving communication from said 25 
solid semiconductor element. 

48. A communication system using a solid semiconduc- 
tor element, comprising: 

30 

a liquid container in which two or more solid 
semiconductor elements are disposed; 
an oscillating circuit having an electric conduc- 
tor coil, information acquiring means for acquir- 
ing information on the inside of said container, 35 
receiving means for receiving a signal from the 
outside and information communicating means 
for communicating the information to the out- 
side that are formed in said solid semiconductor 
element; 40 
an external oscillating circuit, which is disposed 
outside said solid semiconductor element, for 
generating electricity by electromagnetic induc- 
tion between said external oscillating circuit 
and an oscillating circuit; and 45 
external communicating means for bidirection- 
ally communicating between said receiving 
means and said information communicating 
means of said solid semiconductor element. 

50 

49. A communication system according to claim 48, 
wherein 

a center of gravity of a solid semiconductor 
element floating in liquid in said ink tank among said 
two or more solid semiconductor elements is posi- 55 
tioned in a part lower than the center of said ele- 
ment, and said element steadily rocks without rotat- 
ing in the liquid in which said element floats. 
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50. A communication system according to claim 48, 
wherein 

a meta center of said solid semiconductor el- 
ement floating in the liquid in said ink tank is always 
in a part higher than the center of gravity of said 
solid semiconductor element. 
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(54) Ink tank and ink jet recording apparatus provided with the same 
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ink residual amount in the ink tank with a simple config- 
uration in which it is unnecessary to set wiring or the 
like. A solid semiconductor element (11), which is pro- 
vided with an acquiring unit for acquiring environmental 
information of the outside, an information storing unit 
(17), a discriminating unit (16) for comparing acquired 
information and stored information to make a determi- 
nation, and an information communicating unit (18) for 
displaying the acquired information or communicating 
the acquired information to the outside, is embedded in 
an outer wall of an ink tank such that the solid semicon- 
ductor element (11) is exposed to an internal side and. 
an external side of the ink tank from the outer wall. The 
solid semiconductor element can perform supply of its 
operation energy or exchanges of signals in a non-con- 
tact state or by connecting with a terminal provided in a 
supporting portion orthelike of the ink tank directly, thus, 
it is unnecessary to set wiring. In this case, the informa- 
tion acquiring means can be preferably disposed in the 
part of the solid semiconductor element (11 ) exposed to 
the inside of the ink tank. 
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